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In next month's issue 

(among others}: 
More than 50 construction 
projects 

plus 

RS232 tester 
23 ¢m transceiver 
DC-to-AC inverter 
Audio DAC 
Fuzzy logic 
Mark 2 QTC 80/40 loop 
Dealing with noise and 
interference* 
Opto-card for 
multi-purpose bus* 


itis regretted that, owing to 
circumstances bevond our 
control, this article had ta be 


postponed to the July issue. 


Front cover 

Print files, whether they 
contain text, graphics, or 
both, seem to become larger 
and larger as the programs 
that output them, and the 
printers that produce the 
‘hard copy”, become smarter 
by the day. That is all very 
well, but nobody wants to 
see his fast PC held up by a 
simple thing like printing. A 
solution to this ‘bottleneck’ 
is offered by the fast 
intermediate storage device 
shown, It has a large 
memory— | Mbyte or 

4 Mbyte— to capture the 
printer data supphed by the 
computer and is Centronics 
compatible. 


Capyright © 1992 Elektuur BV 
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HEAD-UP DISPLAY FOR RACING 
DRIVERS 
Go Prix racing drivers will soon start 
to use helmet-mounted head-up dis- 

plays that were developed for the pilots of 
high-speed military aircraft. Pilots and rac- 
ing drivers share the same need to concen- 
trate their eyes ahead without having to look 
down at instruments. Every time they have 
to do this, their eyes have to adjust from dis- 
tant to close vision and then back again. 

The technology has been developed by 
GEC Avionics of Rochester, England, which 
provides cockpit windscreen head-up displays 
as well as those mounted in the pilot’s hel- 
met for air force use. The company has adapted 
the helmet displays for racing drivers and have 
already delivered the first examples. These 
will be evaluated during this year’s Grand 
Prix Formula One world championship sea- 
son by Team Lotus drivers Johny Herbert and 
Mika Hakkinen. 

GEC Avionics Ltd, Airport Works, Rochester, 
England MEI 2XX. 


UK SYSTEM WILL HELP DANISH 
RESCUE MISSIONS 

elicopter pilots on rescue missions in 
Danish waters will soon be guided by a 
British electronic mapping system that gives 

instant indication of the aircraft’s position. 
The new system, developed by GEC Ferranti, 
replaces roller map navigation display sys- 
tems and overlays the helicopter’s position 
| ontoanelectronic map. Area search patterns, 
obstructions, and other relevant information 
canbe instantly recalled from a computer data 

base and also overlaid on the map. 

| Survivor, wreckage positions and surveil- 
lance points can be entered into the system 


by any crew member and then called up by 
the pilot to easily relocate the point of sight- 
ing. The new system can also present the pilot 
with homing and glidepath steering infor- 
mation. 

GEC Ferranti Defence Systems Ltd, Ferry 
Road, Edinburgh, Scotland EHS 2XS. 


TAPE RECORDING PROBLEM FOR 

VISUALLY IMPATRED SOLVED 

device to help blind and other visually im- 
paired people make good quality tape 
recordings has won its inventor an award ina 
UK national enginecring design competition. 

With most recording systems, recording 
levels are indicated by a moving necdle or a 
digital display. If the volume of the material 
being recorded is too high for the sort of tape 
that is being used—some tapes can take a 
higher recording level than others—the nec- 
dle jumps into the red zone and adjustment to 
the volume ts necessary. 

Visually impaired people need to make 
use of audio material and be able to record such 
material, but they have no way of knowing 
when recording thresholds are being exceeded. 
This results in a loss of independence be- 
cause they must get a sighted person to make 
the sound level adjustments for them. 

An clectronics undergraduate at York 
University, Nicholas Malyon, assisted by 
Dr James Angus, set out to produce a de- 
vice that would be easy to implement, af- 
fordable, capable of being set up without 
help and able to function in as many situa- 
tions as possible without influencing the 
quality of the sound of the material being 
recorded. The result of his research was a 
smal] box of relatively simple electronic 
components sited between the output of 


the tape recorder and the amplifier driving 
the loudspeakers. A knob on the box al- 
lows the system to be adjusted manually de- 
pending on the type of tape being used to 
make the recording. If the volume of sound 
from the source exceeds the level preset 
on the box, a loud ‘squawk’ is emitted, 
alerting the user to the maladjustment. 

Mr Nicholas Malyon, Electronics Dept., 
University of York, York, England YO! 5DD. 


ERROR CORRECTOR FOR 
MODEMS 
technique for correcting data transmitted 
between multi-standard modems in 
adverse conditions has been developed by 
GPT Data Systems. 

The technique, called Sequence Estimation, 
is a digital signal processing technique for 
providing forward error correction—a way 
of avoiding errors by adding redundant bits 
to transmitted data. It does not compro- 
mise compatibility and provides improve- 
ments even when working with dissimilar 
modems. 

GPT Sequence Estimation modems are 
already in use by the Greater Manchester 
Police force, where they serve remote traf- 
fic monitoring stations over notoriously 
poor-quality dial-up conditions, The force’s 
modems are subject to close-range inter- 
ference from VHF mobile radio transmis- 
sion, but still provide solid, reliable con- 
nections unlike other modems tried. 

The modem is also being used by the 
British Antarctic Survey over satellite links 
between the Antarctic and the UK that modems 
without Sequence Estimation found diffi- 
cult to handle. 

The GPT 3220 modem conforms with the 
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12 | ELECTRONICS SCENE 


abies electromagnetic compatibility THE EUROPEAN MARKET FOR CELLULAR COMMUNICATIONS 

‘MC) requirements. 

Plessey Telecommunications Ltd, P.O. | SERVICES & TERMINALS. 1991 & 1996 

Box 53, Coventry, England CV3 IHJ. Service Revenues (US$ Billion) SulsecriOare IHAliEN) 
16 


BUOYANT FUTURE FOR 

CELLULAR COMMUNICATIONS 12 

An toa Frost & Sullivan report*, 
only asevere worsening of the European 10 
recession could dent the rapid growth ex- 
pected for cellular telecommunications equip- 
ment and services. Itis set to be one of the ¢ 

fastest-growing telecommunications mar- 
kets up to the end of the century. 4 

Cellular communications is a terrestrial 
switched radio-frequency mobile voice and = 2 


J : i SS 
non-voice service that provides a two-way . Seloteteten | Seensetesetetetecetoretonetets 
link with the public switched telephone Service Revenues Subscribers 
network—PSTN. (US$ Billions) (Millions) 


The number of cellular subscribers in 
: ‘ re Z i Source: Frost & Sullivan 
Europe at the end of 1991 was 4.52 mil- Report £1596 
lion and the report forecasts that by 1996 
this will have topped 10 million, Fastest 


growth last year was in Italy as the new 

TACS analogue network was installed, mak- E UTE LSAT TV LI N E- U Pp 
ing it the fourth largest market in Europe, 
behind the UK, Germany and Sweden. Channel Satellite Audio Beam 


Cellular communications continues to be 
one of the fastest moving of all telecom- 


HB io91 4 i996 


munications markets. not only in terms of | | Antena stv" TELAT Bee 1a.972 6.60 IRIE 
subscriber numbers and service revenue | Canal Plus Espana* —_EUTELSAT ILF3 11.178 6.60 Widebeam 
growth, but also in the pace of liberaliza- 
tion, advances inthe technological base and — | er Kabelkanal EUTELSAT IF 11.095 6.65 Superbeam 
the development of distribution systems. Its ET] EUTELSAT |-F4 11.555 6.60 East Spot 
long-term competitive battle will not be with 
analogue cellular markets, but with other Eurosport EUTELSAT II-F1 20 10.972 6.65 Ger  Superbeam 
mobile technologies, such as digital European PEED: LBA 1 OS EIN, £220 EY 
cordless telephony (DECT), public access | Filmnet 24** EUTELSAT IF 1 34 Od 11.678 6.50 Superbeam 
mobile radio (PAMR) and personal com- 
munications networks (PCN). Hrvatska Televizija EUTELSAT |-F5 4 H 11.508 6,65 West Spot 
Frost & Sullivan Ltd, Sullivan House. MBC EUTELSAT {I-F1 32 H 11,554 6.65,7,02 Superbeam 
4 Grosvenor Gardens, London SW1W OHD 
or Frost & Sullivan Inc. 106 Fulton Street, Radio TV Belgrade EUTELSAT I-F4 H 11.178 6.65 West Spot 
New York NY 10038, Rai Due* EUTELSAT II-F2 V 11,095 6.60 Widebeam 
Rai Uno® EUTELSAT II-F2 v 10,972 6.60 Widebeam 
EUTELSAT AND ASTRA: 
7Agt x EUTELSAT I-F4 H 11. ; t Spot 
| PEACEFUL COEXISTENCE a ae aber 
7 EUTELSAT and Société européenne des Star One EUTELSAT II-F1 Vv 11,163 6.60 Widebeam 
| Satellites (SES) met recently at the ITU in ereaits ieee % ieta es 
Geneva to discuss the issue of potential lh as eels ” ene 
| interference between EUTELSAT satellites Superchannel EUTELSAT II-F1 Vv 10.987 6.65Eng Widebeam 
at 16° Eand 21.5° Eand Astra 1] Bat 19.2° E, : 7,02 Dutch 7.20 Ger 


The two satellite operators were invited 
to Geneva by the International Frequency 
Registration Board (IFRB), the [TU body Teleon EUTELSAT I-F2 11,596 6.65 Widebeam 
that deals with registering frequencies and 


Tele Cinco* EUTELSAT II-F3 11,095 6.60 Widebeam 


use of positions in geostationary orbit. TRT international EUTELSAT II-F1 11.18] 6.65 Superbeam 
Both operators have agreed to conduct TV5 Europe EUTELSAT II-F1 11.080 4.60 Widebeam 

together a series of tests on the real impact 7 

of transmission from EUTELSAT UI-F3 at | TW Plus EUTELSAT IFS 11.678 = MAC Superbeam 

16° E and EUTELSAT I-F5 at 21.5° Eon | tye internacional —EUTELSAT ILF2 11.149 6.60 Widebeam 

Astra |B reception via 60 cm antennas. : 

EUTELSAT hopes that these tests will bring Worldnet EUTELSAT II-F) 11.080 6.60 Widebeam 


to aclose recent debate on the issue of mu- 
i . ‘a For up to the minute Information on EUTELSAT 24 hours a day, cal OLE (On-Line EUTELSAT) on (33)} 43 2] 23 38 and receive news by phone or fax. 
tual harmful interference between the three 
* Nagravision encryption ** Matsushita Satbox encryption ° Discret 12 encryption °° Eurocrypt 
EUTELSAT II-F1 - 13°E; EUTELSAT II-F2 - 10°E; EUTELSAT II-F3 - 16°E; 


*The Exropean Market for Cellular Communi- EUTELSAT I-F4 - 7°E; EUTELSAT -F5 - 21.5°E 


cations Services and Terminals — Report E1586 Courtesy European Telecommunications Satellite Organization. 
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transmissions. 

According to initial tests already con- 
ducted by EUTELSAT in France, Germany, 
Switzerland and the UK, as well as by anum- 
ber of TVRO manufacturers, transmissions 
from its satellites are not causing any no- 
ticeable interference to Astra 1B reception 
via 60 cm antennas, provided these are 
pointed with reasonable accuracy. 

Nevertheless, because of their narrower 
beamwidth, 80 cm antennas obviously en- 
able more accurate pointing and thereby pro- 
vide greater protection against interfer- 
ence from a neighbouring satellite, in ad- 
dition to guaranteeing better quality. Moreover, 
80 cm antennas will enable viewers to ben- 
efit fully from enhanced television recep- 
tion offered by 16:9 aspect ratio TV. 

European Telecommunications Satellite 
Organization, Tour Maine-Montparnasse, 
33, avenue du Maine, 75755 Paris Cedex 
15, France. 


NEW FROM MAPLIN 

Mee Electronics, one of Europe's 
major component suppliers, has in- 
(roduced a number of new ideas an projects. 
There is ‘Funtronics’, a series of easy- 
to-build electronics projects for complete 
beginners who require a simple and fun 
starter to electronics project building. Projects 
include a transistor tester, a water ind1- 


Sub-miniature CCD video camera. 


cator (for thirsty plants) and a bulb and 
fuse tester. 

Anew, high-quality, low priced 40 MHz 
delayed sweep oscilloscope Type 7046. 
This offers increased magnification, while 
its bandwidth enables it to display com- 
plex signals with precision and accuracy, 

A tiny CCD video camera capable of pro- 
ducing a black-and-white picture from nor- 
mal as well as infra-red illumination. Good 
resolution is achieved by the 8 mm (!/3 in) 
CCD element that has 80 000 pixels. The 
support circuitry ensures a video band- 
width of around 4 MHz. 

A portable, pocket-sized test set that 
provides access to all 25 conductors of the 
RS232/V-24 interface between the data ter- 
minal and the data modem. 


ELECTRONICS SCENE 


Maplin Electronics, P.O. Box 3, Rayleigh, 
England SS6 8LR. 


SPECTRUM ANALYSER ADAPTOR 
FROM BK ELECTRONICS 

he TSA250 adapts a low-cost oscillo- 

scope into a cost-effective 250 MHz 
spectrum analyser. It will be particularly 
attractive to users who are involved with 
EMC investigation and education, as well 
as in traditional spectrum analyser appli- 
cations. Priced at £345.00 plus VAT, the 
adaptor is available from B.K. Electronics, 
Units 1] & 5, Comet Way, Southend-on-Sea 
SS? 6TR, England. 


[EE & [IEEIE PROGRAMME 

| June—An introduction to software design 
methodologies. 

2 June—The future for young engineers. 

3 June—Risk analysis methods and tools. 

3 June—Recent developments in the sub- 
jective assessment and optimization of new 
television systems. 

3 June—Focus approach to forcign languages: 
German, 

3-19 June—ART exhibition. 

4 June—Electromagnetic compatibility for 
project managers. 

§ June—The training of software engineers. 

9 June—Mobile communications for the 
year 2000. 

10 June—Periodic inspection and testing of 
electrical installations. 

11 June—Managing change in manufactur- 
ing. 

16 June—Low-noise oscillators and synthe- 

sizers. 
16 June—Portable appliance testing. 

17 June—Multi-arm robotics. 

17 June—Customers and suppliers — the 
strategic partnership. 

19 June—Designing secure systems. 

22 June—Software in air traffic control sys- 
tems — the future. 

22 June—Simulation and analysis of pro- 
tection relays and systems. 

23 June—Electricity at work regulations. 

23-25 June—Private switching systems and 
networks, 
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EVENTS 


26 June—Land mobile satellite systems. 
29 June—3 July—Power electronics. 


Further information on these, and many other, 
events may be obtained from the IEE, Savoy 
Place, London WC2R OBL, Telephone 
071 240 1871, or trom the IEEIE, Savoy 
Hill House, Savoy Hill, London WC2R OBS, 
Telephone 071 836 3357. 


NETWORKS ’92 

Networks '92, Europe's major international 
showcase and discussion forum for networking 
technology, will be held at the National Exhibition 
Centre, Birmingham from 23 to 25 June. 

Further information from Lynne Davey 
at Blenheim Online on Telephone 08 | 742 2828 
or fax O81 747 3856. 


LIGHTNING PROTECTION 792 
ERA Technology is organizing a conference 
and exhibition entitled ‘Lightning Protection 
“92 — Buildings, Structures and Electronic 
Equipment’, which will take place on 23-24 
June 1992 at the Heathrow Penta Hotel, London. 

Further information from Julia Falaki, ERA 
Technology, Cleeve Road, Leatherhead, 
KT22 7SA, Telephone (0372) 374 151. 


THE ELECTRONIC BATTLEFIELD 
Battlefield Vetronics & Communications 


International °92, a new event sponsored by 
the Defence Research Agency (DRA) and 
supported by the Defence Manufacturers’ 
Association (DMA), will be held on 2—4 June 
at Chertsey near London. 

Exhibits will cover the latest developments 
in vehicle electronics and state-of-the-art bat- 
tlefield command and information systems 
iechnology and its application, hardware 
and software, sensors, surveillance, training 
and simulation; communications and com- 
puter capabilities relevant to a wide range 
of military and commercial requirements 
will be demonstrated. 

Further information from Spearhead 
Exhibitions, Rowe House, 55/59 File Road, 
Kingston upon Thames KT1 1 TA; Telephone 
081 549 5831; Fax 081 541 5657/5016. 


EUROPEAN SEMICONDUCTOR 
The European Semiconductor Exhibition 
and Conference will be held in Dublin on 
3—5 June. Further information from Dataquest 
at (0895) 835 O50. 


SMALL SATELLITES 
The Small Satellites Systems and Services 
Exhibition and Conterence will be held at 
Cannes, France. from 29 June till 2 July. 
Further in formation from Claude Salmon at 
CNES, Telephone +33 61 27 34 72. 


bos 


ms 


Our earlier publications on I?C-compatible circuits having 
met with a great deal of interest, we now move on toa 
four-digit seven-segment LED display unit that can be 
used in many applications as a bright and easy to drive 


readout. 


Design by J. Ruffell 


O far it has appeared a matter of course 

that the readout function in a compu- 
terized measurement system is invariably 
provided by the screen of the PC. The pres- 
ent 4-digit LED display unit may, however, 
prove an attractive alternative in many 
cases. It allows a PC fitted with an [°C con- 
troller card (Ref. 1), or any other I’C control- 
ler, to indicate, for instance, measured data 
in bright green, red or yellow numbers on an 
LED display. In other words, it is no longer 
necessary to reserve a part of the PC’s screen 
for displaying measured values. This means 
that the PC can continue to run its main pro- 
gram, while a background program takes 
care of outputting measurement data to the 
LED display at regular intervals. 

Another possibility is to use the display 
as a time and/or date indication. Ina PC, the 
parameters needed for this application are 
easily copied from the system software or 
the PC’s internal real-time clock. Another 
possible application that comes to mind is to 
use the display to bring to your attention the 
status of a certain measurement program 
that runs in the background. 


The present display is, of course, soft- 
ware-compatible with the PC device driver 
published earlier (Ref. 2), and its control is, 
therefore, ‘food for programmers’. Those of 
you who work with microcontrollers will 
also find that the ’C display unit is readily 
used and fairly simple to control. Today, an 
increasing number of microcontrollers is 
available with an on-chip [’C interface, 
which makes connecting the present display 
unit a piece of cake. 


The circuit 


The circuit shown in Fig. 1 is best described 
with three words: compact, simple and inex- 
pensive. Apart from one IC, two transistors 
and, of course, four 7-segment LED displays, 
only a handful of passive parts is required to 
complete the circuit. As with the other cir- 
cuits in our ’C series, the communication 
with the outside world is via two miniature 
6-way DIN sockets. A length of 6-way cable 
is all that is required to convey the two serial 
signals, ground, the supply voltage and an 
interrupt signal (the +5 V supply voltage is 
carried via two wires). 

The heart of the circuit is formed by a 
four-digit ’C-compatible LED driver Type 


LED DISPLAY 


SAA1064 from Philips Components. This IC 
is manufactured in I'L technology, and is ca- 
pable of driving four 7-segment LED dis- 
plays including decimal points as two 
multiplexed blocks. The block diagram of 
the SAA1064, Fig. 2, shows that the IC con- 
tains an ’'C transceiver that can be located at 
four IC bus addresses, a power-reset flag, 
16 outputs that operate under software con- 
trol (each capable of sinking up to 21 mA), 
two multiplexed outputs, and oscillator, a bit 
that selects between static and dynamic 
mode, and, finally, a bit for test purposes. 

As could be expected of an IC applica- 
tion circuit, the control of the display driver 
is a matter of sending the right command to 
a previously determined address, which is 
the ‘location’ of the IC in the PC network. 
Here, the address of the SAA1064 can be set 
with the aid of jumpers. Remarkably, only 
one IC pin is used to select one of four 
possible addresses in the system. Resistors 
R3, R4 and Rs5 form a voltage divider which 
supplies the address selection voltage to the 
ADR pin of the SAA1064. The voltage level, 
i.e., the IC address, is determined by three 
jumpers. The four voltage levels that can be 
set are 0 V, 3@Vcc, ¥%Vec and Vee. Each of 
these levels corresponds to one of the four 
combinations of the two address bits, AQ and 
Al. 

The base address of the SAA1064 is 


0111 0 Al AO x 


To select an address, fit the jumpers as 
shown in Table 1. All other bits in the ’C ad- 
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PC LED DISPLAY 


dress are ‘burnt’ in the IC hardware, and can 
not be changed. As usual with PC com- 
patible ICs, the ‘x’ at the end of the address 
is a bit that selects between a read (x=1) ora 
write (x=0) operation. The ‘read’ addresses 
are 70H, 72H, 74H and 76H. The ‘write’ ad- 
dresses are 71H, 73H, 75H and 77H. 

Transistors T1 and T2 are required to 
multiplex the four common-anode displays 
pair-wise. They function as switches, with 
the hardware in the SAA1064 determining 
the current flow through the display seg- 
ments. Software control allows the segment 
current to be set between 3 mA and 21 mA in 
, steps of 3 mA. In dynamic mode, the seg- 
ments light about half the time (48.2% typ. 
min.). The circuit configuration used here re- 
sults in a multiplex frequency of about 
150 Hz, which can be increased to about 
800 Hz or 1,500 Hz by reducing C5 to 820 pF 
or 390 pF respectively, 

The multiplex duty factor results in an 
average segment current that is about half 
the programmed current. Since the bright- 
ness of the Type HD11050 LED displays 
(manufacturer: Siemens) is sufficient at a 
segment current of 4.5 mA, a segment cur- 
rent of 9 mA is programmed. 

Jumper JP4 allows the display to be 
powered by a separate supply, which may 
be required when more than one display is 
used. The external voltage is applied viaPCB Fig. 1. The circuit for driving four 7-segment displays is very compact thanks to the power 
terminal ‘U+’, and may be up to 15 V, pro- _ of the I?C protocol. 


NAAR ARRAS RAAB 


.LD4 = HD1105 O 


SAA1064 


EMITTER 
FOLLOWER 
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INSTRUCTION 
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Fig. 2. Internal diagram of the SAA1064 LED display controller (courtesy Philips Components). 
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COMPUTERS AND MICROPROCESSORS 


COMPONENTS LIST 


Ri;R2 
aicy 
R4 
RS 


2 47,F 16V radial 
4S BAP? 


Semiconductors: 
2. BC547C 
1 SAA1064 


‘Miscellaneous: 
2° 6-way PCB-mount 

© minikDIN socket K1;K2 
4..HD11050/G/Y/R (see text) LD1-LD4 
1. Printed circuit board 920004 
1.. Control software. on disk ESS 1671 


vided the total dissipation in the SAA1064 
does not exceed 1 W, 

Resistors Ri and R2, finally, ensure that 
the FC bus is correctly terminated, 


Construction 


The printed circuit board for the 'C com- 
patible display unit is compact — see Fig. 3 
and the photographs. One of the mini-DIN 
sockets may be omitted if the unit is the last 
(or the only) device on the I’C bus. Since the 
two sockets are connected in parallel, it 
makes no difference which of them is 
omitted. If you can not get hold of the special 
DIN sockets, or wish to reduce the cost of 
Fig. 3. Track layout (mirror image) and component mounting plan of the printed circuit building the unit, use separate wires and the 
board designed for the I@C display module. PCB terminals marked +5 V,0 V, SDA, SCL 
EEE z and INT instead. 

Start the construction by fitting the wire 
links. Next, mount the passive components, 
followed by the IC and the two transistors. If 
you solder the displays directly on to the 
board, make sure that they are not over- 
heated — in general, it is better to fit the dis- 
plays in IC sockets. 

Set the jumpers as follows: 


t 


JP1 and JP3 open; 
JP2 closed; 
JP4 position ‘B’, 


and connect the display unit to the I’C bus. 
We built a few prototypes of the unit with 
different display colours. The suffix of the 
display type number indicates the colour: 
HD11050: orange; HD1105G: green, 
HD1105R: red; HD1105Y: yellow. 


Software control 


As already mentioned, the display is control- 
led by an IC controller board described in 
Ref. 1. The control software has been de- 
scribed in Ref. 1, and is available on disk 
under order number ESS 1671. 


ELEKTOR ELECTRONICS JUNE 1992 


Figure 4 shows how the controller com- 
municates with the SAA1064. Reading re- 
sults in a status byte, which, among others, 
shows the state of the power-reset flag. This 
flag is set by the SAA1064 when power is ap- 
plied, after which all registers contain ze- 
roes, and the display is blank. 

There are a number of ways in which we 
can write to the SAA1064. Writing to the de- 
vice requires the relevant control register to 
be set to the right mode, and data to be sent 
to the display digits. After addressing the 
SAA1064, an instruction byte is sent that se- 
lects one of the eight internal registers. 
Which register is selected first is determined 
by the level of bits SA, SB and SC. The auto- 
increment function of the IC ensures that the 
next register is automatically selected for 
writing to, The pointer of the auto-increment 
function is cyclic, and changes to ‘0’ again 
after ‘7’. The three least-significant bits of the 
instruction byte select the registers as fol- 


i lows: 
b2 bil bo 
0) 0 {} control register 
0 0 1 LD1 register 
0 ] 0 LD2 register 
0 ] 1 LD3 register 
1 0 LD4 register 
| 0 1 free 
1 | 0 free 
1 1 1 free 


where b7 to b3 = 0 
The structure of the control byte is as follows: 


b0 = 1: dynamic mode (multiplex digits) 
bl = 1: enable digits 1 and 3 

b2 = 1: enable digits 2 and 4 

b3 = 1: segment test, all outputs active 

b4 = 1: increase segment current by 3 mA 
b5 = 1: increase segment current by 6 mA 
b6 = 1: increase segment current by 12 mA 
b?: reserved 


Asegment is actuated (switched on) by mak- 
ing the associated bit ‘1’; a ‘0’ switches it off 
again. This means that we are not limited to 
just displaying numbers 0 through 9: charac- 
ters A through F are also possible, which is 
useful for making a hexadecimal readout. 
Diskette ESS 1671 contains a demonstra- 
tion file, LDIS.PAS, which contains the FC 
driver as well as the routines for controlling 
the A-D/D-A converter and the [/O port. 
LDIS.PAS is written in Turbo Pascal. Fig- 
ure 5 shows the main procedure, which 
starts with moving the decimal point of the 
most significant digit to the least significant 
digit. Next, the program counts up from 0 to 
9999, and starts again. The counter values 
appear on the display as well as on the PC 
screen. a 


References: 

1. “PC interface for PCs", Elektor Electronics 
February 1992. 

2. “ADC/DAC and 1/0 for PC bus”, Flektor 
Electronics March 1992. 
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PC LED DISPLAY 


s[o 1110 a1 ao 1/AjpRo 000000 P| 


slave address status byte 


|? C bus format; READ made, 


1 ae 4% 
| slo 1110 41 AO ofajo 0000 SC SB sa |a]x C6 C5 C4 C3 C2 C1 co.A | 


slave address instruction byte contro! byte 


2 p17 acne p10|a) 027 ee p20|4]037-—~-.. ~--D30]a D47 40 [ap : 


data digit 1 data digit 2 data digit 3 data digit 4 


17C bus format; WRITE mode, 
S = start condition Atl, AO = programmable address bits 
P = stop condition SC SBSA = subaddress bits 


A = acknowledge C6toCO = control bits 
X =don‘t care PR = POWER RESET flag 


920004 - 13 


Fig. 4. 
driver contained on the floppy disk supplied for this project. 


begin (* LedDisplayTest *} 


Start (Bus); {-Starct comrmmunicatian on L2C-bus, ] 


InitLedbisplayTest; 


Address (DisplayAddr} ; {-After being 4 


instruction 
in the central 


Inst:-Gebinshruckaiansyte vt 


write (Bus, inst); 


ControelByte (1); 


[-Copy counter to LED-disslay.] 


Id¢oade[I3],9Cade[D4]}; 


write (dus,Du,Du, Du}; ‘-After taese toree duinny bytes Nave 


sent, the LED- VEI expects 


delay (tl); 


if Counter=0 
CEs 
for Counter:=5 downte 0 do 
begin 
write (Bus,Ctr1,O0P,B21,8),81,0u,0u,bu); 
write ({Bus,Ctrl,Bl,DP,51,31,Du,0u,lud; 
write ({Bus,Ctri,Bl,B1l,D?,8:,Dy1,0u,D.a); 
write {Bus,Ctri,Bl,B1,31,G6P,Du,01,0}; 
end; 


delay (ni; 
Slay liy: 
7 delay (ti; 
> delay (ti; 


inc (Counter); 
Lf Counter>MaxCeunt 
then 
Copnte O; 
Until keypre d; 


UnIait LedDisplaylest; 


{-Stonw SomMmMEnIcaAtisn dn IZ2e=bus . 


920004~-14 


Fig. 5. Main procedure in the display test program LDIS.PAS. 


Sending commands to the controller is pretty simple if you make use of the 1*C 


GUITAR TUNER 


Design by W. Herrmann 


This tuner was designed because many commercial 
(analogue) models were found not robust enough for the 


practical, hard use required of them. After all, a guitar is an 
instrument that needs to be tuned daily. 


N THE design of the tuner, hands-off oper- 

ation was a prime requirement. Conse- 
quently, all functions are either automatic or 
foot-operated. The input is connected to the 
output as long as the tuner is not in use, That 
means that it can remain in the signal path 
between the guitar and the amplifier system. 

When the ‘on’ button is pressed (by foot), 
the unit is switched on, provided a plug is 
inserted into the input socket. At the same 
time, the output of the unit is removed from 
the amplifier, so thatno tuning signals are out- 
put over the speakers. 

When the unit is on, the LED associated 
with the high E (fp = 329.63 Hz — equal tem- 
perament tuning) lights. When the high-E 
string is plucked, several LEDs light. If the 
band of light appears to move to the left, 
the played tone is too low; if it moves to the 
right, the played tone is too high. There is a 
period of 20 seconds to tune the string: cor- 
rect tuning is indicated by the band of light 
standing still. 

Each subsequent pressing of the ‘on’ but- 
ton switches the tone to the next lower note, 
By, Gj, ...E2, indicated by the lighting of the 
associated LED. In each case, there is a pe- 
riod of 20 seconds to tune the relevant string, 
Atthe seventh pressing of the button, the LED 
associated with the high E lights again. 

Tuning may be ended with the second 
footswitch, which switches the tuner tostand- 
by, whereupon the guitar signal is recon- 
nected automatically to the amplifier. 

If the 20-second periad is not long enough 
to tune a string, the unit must be returned to 
operation at the relevant frequency by re- 
peatedly (six times) pressing the ‘on’ button. 
Neither on-switching nor off-switching causes 
any audible noise or contact bounce. 


Crystal control 


The circuit in Fig. 1 depends for its correct 
operation on a crystal-controlled oscillator, 
IC5,-IC5p—ICsq, and a divider, ICg-ICg-IC 94, 
that is programmed by a diode matrix. To 
keep the current drain down to a minimum, 
all ICs used are CMOS types. 

The oscillator output is used to clock IC,. 
The Qp-Qi1 outputs of this circuit are fed to 
a diode matrix with which a number of scale 
factors can be preset. Only six of the eight 
columns of the matrix are used here: one for 
each string of the guitar. 

The scaled-down oscillator frequency is 
used as a reference and as clock for binary 
counter IC3, which controls multiplexer [C, 


via its outputs 0-3. 

An LEDis connected to each of the 16 out- 
puts of the multiplexer, The LEDs form a 
‘running light’ that, depending on the fre- 
quency of the plucked string, moves from 
Dj to Dig or vice versa. The ‘running light’ 
effect arises because the E input of IC] is con- 
trolled by the signal from the guitar. Only 
when the reference frequency is an exact 
quadruple or octuple of the measured guitar 
signal, will the running light stand still. If 
the frequency of the guitar signal is not cor- 
rect, the running light moves in a direction 
that depends on whether the frequency is 
too high or too low. The larger the difference 
between the reference and guitar signal fre- 
quencies, the faster the running light moves. 

Opamps IC3, (threshold switch) and IC», 
(amplifier) convert the sinusoidal output 
voltage from the guitar pickup into a rectan- 
gular signal to drive the multiplexer. 

Immediately after switch-on, all outputs 
of ICgare logic low, the oscillator begins to op- 
crate, and IC, starts to count. The reverse-bi- 
ased diodes of the first matrix column and 
pull-up resistor Rog at the input of D bistable 
ICy provide an AND function: the level at 
pin 3 of ICg can go high only when those out- 
puts of IC, that are connected to diodes in 
the first matrix column are high. That condi- 
tion is met only at certain states of ICs. The 
consequent logic 1 becomes available at the 
output of ICo (pin 1), whereupon IC ¢ is reset. 
Without ICo, the reset pulse would be too short 
to clock IC. 

Counter IC) drives the three address lines 
of ICg in binary form; it proceeds one step 
every time a clock pulse, debounced by 
Ry3-Cg-ICjy 4, arrives from ‘on’ switch §| at its 
input. At the same time, demultiplexer IC;, 
which operates in step with ICg, causes one 
of LEDs D17—D2z to light to indicate which 
of the guitar strings can be tuned. 

After S; has been pressed six times, out- 
put 6 of IC; goes high, which causes a reset 


of IC. ~ 

After switch-on, the tuner is always pre- 
set to the high E string frequency because of 
the reset provided by Ryg-Cj3. 

In the standby mode, battery power is 
available but the tuning mode is disabled. In 
this state, only three ICs are powered: quadru- 
ple analogue switch IC4; bistable ICg; and 
inverter [Cjo,,_¢. In this mode, the current 
drain is a mere 1.5 uA. 

When, in the standby mode, Sj is pressed, 
bistable ICg, is reset, whereupon T] is switched 
on to provide power to the remaining ICs. 
At the same time, analogue switch IC4, con- 
nects the guitar output to the amplifier, IC4. 
becomes high-impedance, and IC yqshort-cir- 
cuits the output of the tuner. 

Capacitor Cj» is charged slowly via Ry«. 
After about 20 seconds, the voltage across it 
has reached the threshold level of ICjy,, and 
this inverter then switches off the tuner via 
gate ICjo¢. If, before the 20-second period 
has elapsed, the ‘on’ button is pressed, for 
instance, to allow the next string to be tuned, 
C)2 discharges via IC}, Dag and Ras, where- 
upon there is a further delay of 20 seconds 
before the tuner is switched off, 

Stop button 5) can, of course, reset bistable 
ICo, at any moment if required. 

In practice, a period of 20 seconds has 
been found just right for tuning a string. The 
period may, however, be made longer by in- 
creasing the value of C49. 

The battery voltage is monitored by ICjye, 


- Battery life about 2 years 
Low battery indication — 
He Automatic or font onertied 8 


‘Low current drain: 20 mA during of 


M = Tuning indication by LED. atte light 
@ Suitable for bass and guitar 
| Sixteference frequencies with a toleran 
‘@ - Loop-through connection 
: | _ Amplifier muted during tuning 
a 
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which has a threshold voltage of about U/2. 
Diodes Dog and D2» provide a reference volt- 
age of 2.8 V. Therefore, if the battery voltage 
drops below 2x2.8=5.2 V, the logic level atpin 
10 of ICy9. changes from 1 to 0, whereupon 
oscillator [Cjgq is enabled, which causes the 


1C10¢ 1C10b 


ov 
: 


ict IC2 1€3 ICS IC6é IC7 ICB 1C1 


®@O® © © © QO 


() @) 49 cis _|cis_|c21 
Ic4 IC9 1610 


Fig. 1. Circuit diagram of the guitar tuner 
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GUITAR TUNER 
relevant string LED to blink. scale factor=f, / f, —1, 


Setting up where fo is the crystal frequency and f, is the 
reference frequency, which is 

The scale factors for the six reference fre- 

quencies are calculated from: f-=fx4, or, =fx8, 


ii P 


1024 
2048 * see text 


5 [2 Id 


rene] 
1C10d 
D27 8 R22 
SpE rs Pfr] 


1N4148 


IC3 = TLC272 

IC4 = 4066 

Ic5 = 4049 

IC9 = 4013 

IC10 = 40106 920033 - 11 
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where f, is the fundamental frequency of the 
relevant string—see Table 1. Once the scale 
factor has been determined, it has to be in- 
corporated into the diode matrix. 

For instance, the scale factor for the E 
string (cqual temperament tuning) is calcu- 
lated as follows. 

fe=2.4576 MHz; 

f.=329.63 Hy; 

f= 8*329.63=2637.04 Hz. 


Scale factor =2.4576x106/2657.04—-1= 
=931—see Table 2, 


The outputs of IC, have been given bi- 
nary values as shown in Fig. 1. The diodes 
inthe matrix must be connected in sucha man- 
ner that the sum of six of the outputs is equal 
to the scale factor. How this is done for the E 
string isshown in Table 2. The string, its fun- 
damental frequency (equal temperament tun- 
ing), the reference frequency and the result- 
ing scale factor are tabulated in Table 3, The 
maximum tolerance on the tuned frequency 
is <0.05 Hz. 


Construction 


Building the tuner on the ready-made printed- 


TABLE 1— 


harmonic 
tuning 


82.50 Hz 
110.00 Hz 
146.83 Hz 
195.56 Hz 
247.50 Hz 
330.00 Hz 


string 
frequency 


equal temp. 
tuning 


82.41 Hz 
110.00 Hz 
146.83 Hz 
196.00 Hz 
246.94 Hz 
329.63 Hz 


TABLE 3 


82.407 Hz 659,25 Hz 
110.000 Hz 880.00 Hz 
146.832 Hz 1174.65 Hz 
195.998 Hz 1567.98 Hz 
246.942 Hz 1975.83 Hz 
329.628 Hz 2637.02 Hz 


Fig. 2. Printed-circuit board for the guitar tuner. 
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circuit board—see Fig. 2— should not present 
any problems. Mount the LEDs on the board 
without soldering, insert the board into the 
prepared enclosure and turn the enclosure 
over. The LEDs can then be correctly accom- 
modated into previously drilled and squared 
(filed) holes in the front panel, after which 
they can be soldered on to the board. 

A ready-made front panel foil is avail- 
able—sce Fig. 3. 


Switches S; and S2 can be linked to the 
board withnormal circuit wire: because of the 
short length of these connections, screened 
cable was not found necessary. 

The negative terminal of the battery must 
be connected to the contact on the stereo 
inputsocket toensure that the tuner is switched 
on only when the cable from the guitar is in- 
serted into the tuner. & 


| Resis 
R20 = 2.2 
Cap ac i is: 
C1=1nF 
C2=7uF, 16V 
‘C3, CB; C9; C19-C22 = 100 nF 
C4, C5, Ci2=10NF, 16V 
Bm pe ite 
C10, C11 = 4,7 uF, 38. 
Miscellaneous: Br 
Dertiea'y csssmatiolon Lids ‘green oheess 
Hdl et pat D2: staal atte LED. 7 
ted 


110 40106. 


“Miscellaneous: Saititeis 
St, $2 = single-pole on-off switch, press se 


_K1 = 6.35 mm stereo audio socket with 
» K2= 6.35: mm mono audio socket for PCB 
(0 eaee 
Bt = PP3/6F22 (9 V) 


PCB 920033 


‘to close 
switch for PCB mounting 
mountin 
X1 = quartz crystal 2.4576 MHz 
Enclosure (for instance, Pactec Hp-9Vb) 
with battery compartment 


Front panel foil 920033F 


GUITAR TUNER 


ft should be noted that this article assumes equat 
temperament tuning throughout. In this, each 
semitone is made an equal interval, which has 
the advantage that the instrument may be played 
in virtually any key. The disadvantage, however, 
is that the tones do not sound ‘natural’, which is 
why many guitarists prefer to tune their instru- 
ments to harmonics. (Fd). 


Fig. 3. Front panel foil. 


PLANT WARMER 


by Samuel Dick 


Frost is a gardener’s nightmare. It is especially damaging in the 
late autumn when plants may not (yet) have been moved to their 
winter site or during the spring when growing conditions are 
normally favourable but a sudden, unexpected frost 


HE classic solution to the problem of frost 
for small gardens is a coldframe. It occu- 
pies less space than a greenhouse, while still 
providing storage for many plants or seed 
trays. But during cold weather, the tempera- 
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can kill many young plants. 


ture in a coldframe may still drop below 
freezing and, during the spring, the temper- 
ature may notrise high enough to significantly 
boost the growth of seeds and young plants. 

The ‘plant warmer’ offersa solution to these 


problems. By placing a sensor and two heat- 
ing elements in the coldframe, a simple heat- 
ing system may be constructed. In this design, 
the two heating elements are controlled in- 
dependently; one heater is set fora higher tem- 
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perature than the other, so that maximum heat 
is supplied only during the coldest weather. 

By altering both trigger points, the tem- 
perature in the coldframe may be raised by 
10-15 °C to allow the coldframe to be used 
as a propagator during the spring. 


Circuit description 


The temperature in the coldframe is sensed 
by an LM335Z chip, Dj. This is used as a 
temperature-dependent zener diode; Rj is 
chosen to pass a current of roughly 1 mA 
through the device. The voltage drop across 
the chip is 10 mV K~!. At freezing point 
(0 °C=273 K), this would be 2.73 V, rising to 
2.98 Vat25°C. The voltage from the sen- 
sor is compared with two other potentials 
by ICy. The two potentials are set with pre- 
set potentiometers P; and Pz; both of these are 
multiturn types to make the process of setting 
accurate values as easy as possible. They, 
and the rest of the circuit, are supplied with 
aregulated voltage derived from zener diode 
Dy and filtered by Cp and C3. A current of 
around 20 mA is required by the control cir- 
cuit. Capacitors Cy, Cy and C; filter noise on 
the inputs to IC}. 

When the voltage from the sensor drops 
below one of the comparison potentials, IC 
detects this and switches on the appropriate 
output. The output signal is fed to the gate 
of a silicon controlled rectifier—SCR—that 
acts as a switch for the heating clement. Note 
that the SCRs are fed from an unsmoothed 
d.c. supply. As the supply voltage drops to 
zero every 10 ms, the SCRs are deprived of 
holding current and so turn off. They remain 
off unless they are retriggered on the next 
a.c. cycle by IC). This ensures that the heat- 


Fig. 1. Circuit diagram of the plant warmer. 


ing element is on only when the tempera- 
ture is below the comparison potential set 
by the user. 

Voltage comparators have a very high 
gain so that the transition voltage range (be- 
tween on and off) is very small. This would 
mean that the circuit would for ever be switch- 
ing on and off, since even a small tempera- 
ture change (perhaps only 0.01 °C) would 
result in the controller changing state. As 
this could happen twice every a.c. cycle, that 
is, 100 Hz since rectified a.c. is used, a lot of 
switching noise might possibly be created. 
To prevent this happening, some hysteresis 
has been designed into the circuit. When the 
temperature has dropped below one of the 
trigger points, it must rise above the original 
trigger temperature by about 2 °C before the 
controller will switch the heater off. This pre- 
vents rapid switching and consequent noise. 

The hysteresis is builtin as follows. The ac- 
tual circuit may be converted into a simpler 
form to ease understanding of its operation 
—-see Fig. 2. In this simplified circuit, V rep- 
resents the supply voltage, V; the output 
voltage of 1C), or [Cj,, and R,-Ry one of the 
preset potentiometers (its wiper represented 
by the junction R,-R,). When the heater is 
off, the output voltage of IC), or IC), 1s around 
0.2 V. The voltage at junction R,-Rp, is low- 
ered because R, drains current from Rj; thus, 
since the voltage across a resistor is propor- 
tional to the current flowing in it, the volt- 
age across Ry is smaller than it would if R, 
were not connected. When the temperature 
falls, the voltage on the inverting (—) input of 
IC), or ICjp drops below that on the non-in- 
verting (+) input and the output of the com- 
parator goes high. In practice, this is limited 
by the gate of the SCR to around 0.7 V. 


7 


Since R,. now has 0.7 V rather than 0.2 V | 
at its right end, the current flowing through | 
it is reduced, so more current flows through 
Rp, and the voltage at junction R,-Ry rises. 
By representing the voltages by voltages sources, 
the rule may be applied that the sum of volt- 
ages arounda loop inacircuit must equal zero. 
In Fig. 2, there are two loops: loop 1 contains 
V,,R, and Ry, while loop 2 contains Vp, Rp 
and R,. The current flowing through R, may 
be defined as i; and that through R, as i9; 
then: 


Vi-Ralty +i2)-Rpiy =() 
and 
V-Rpit+Rei2=0. 


Since the value of R, should cause a change 
of at least 20 mV (equal to 2 °C) in the volt- 
age across Rj, when V; changes from 0.2 V to 
0.7 V, these equations may be rewritten in a 
form to enable i, to be calculated as a func- 
tion of V; and R,. Since Rp is about 1.2 kQ 
for a trigger voltage of 2.8 V (equal to 7 °C), 
R, is 3.8 kQ (as the potentiometer is 5 kQ), 
Therefore, 


i1=(VqtRaVb/Re)/(RntRatRaRp/ Re). 


For V,=12 V and the values of R,, Ry and 
Vp as given, with R.=33 kQ, the required 
20 mV change will take place when the out- 
put of IC), (ICjp) goes from low to high, so 
providing the desired hysteresis. 

To provide the higher temperature op- 
tion for when the coldframe is used asa prop- 
agator, Rj is shorted by closing S. The value 
of Ry for different higher temperatures may 
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920050 - 12 


Ra=(R12) 


920050 - 13 


PARTS LIST 


Resistors: 

(all resistors 250 mW) 
R1i=82kQ2 

R2, R3 = 33 kQ 

R4 = 390 kQ 

RS = see text 

R6, RB = 2.2 kO 

R7 = see text 
RQ = 2.7 kQ 

R10, R11 = 6.8 kQ 
R12 =1509 

P1, P2 = 5 kQ preset, multiturn 


C1 =6.8 pF, 63. V 
C2, C4, 1 100 nF, 16V 
C3 =47 pF 25V- 


dicnibceanseastiwes! ; 
D1 = LM335Z (temperature sensor) 


| BS = 1N4002 

D4, D5, D6 = LED, green 

1C1 = LM319 (voltage comparator) 
N1 = mains voltage neon, green, 
a integral resistor 


Miscellaneous: 
_BR1 = 100 V, 6 A bridge rectifier 
Tt = 0-15 V, 2 A secondary mains 
t transformer 
$1 = DPDT, 250 VAC, 2A 
$2 = SPST, low voltage 
Case, with feet © 
Grommets (2) 
4-core cable for heater wires 
hatter coax cable for 

re sensor : 
‘Heatshrink sleeving to cover R5_ 


D2=BZY88C,12V,500mW zener 


22) 
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be calculated as follows—see Fig. 3. The volt- 
age with Ry in circuitis V4)=V R-/(Ra+Rp+R,), 
where V, is the supply voltage (12 V). With 
Rj2 (R, in these equations) is shorted, the 
new output voltage, Vo2=V.R./(Rp+R,). Note 
that Rp+R,=P; in the circuit. Consequently, 


Ry2=P:2AV/(V.R—AVP}), 


where AV is the voltage increase required (say, 
0.15 V corresponding to 15 °C higher than 
the frost protection set point). When the prop- 
agator modeis required, R, is given by Vee?) /V5- 


Construction 

The plant warmer was constructed on the 
printed-circuit board shown in Fig. 4 and 
fitted into a suitable box. 

The two heating elements, R5 and R7, may 
be made as follows. The lower-powered heater, 
Rz, is made from thirty 1.0 Q resistors, sol- 
dered together in series and then inserted into 
heatshrink sleeving for protection. The higher- 
powered heater, Rs, is made from two re- 
sistor chains, identical to Rz, connected in par- 
allel. The values of the resistors and the num- 
ber used have been calculated so that each 
resistor runs within its rated power dissipa- 
tion. There is no need to shrink the sleeving 
after construction—indeed, this is undesir- 
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able since it makes the element less easy to 
bend, which could make fitting it to the cold- 
frame difficult. 

As the heating elements and sensor have 
to operate in damp conditions, care should 
be taken to cover the connections with an 
epoxy potting compound to prevent ingress 
of dampness. 


In use 

The heating elements should be placed around 
the bottom of the coldframe and the sensor 
mounted near the bottom, too, but clear of 
either element. Some attention should be 
paid to the thermal insulation of the cold- 
frame. If at all possible, an insulating layer 
should be placed between the ground and the 
elements and plant pots. This prevents the 
heat from being absorbed by the ground. 
Similarly, insulation over the top of the cold- 
frame will help contain heat—the most suit- 
able form of insulation is transparent plastic 
sheets of air-filled bubbles, like those used for 
packing delicate items. 

The values of P; and P2 should be set, 
with the heating off, with the aid of a digi- 
tal multimeter to give voltages of 2.80 V 
and 2.76 V respectively. - 


Fig. 4. Printed-circuit board for the plant warmer. 


AUDIO-VIDEO PROCESSOR 
TYPE AVP3OO — PART 2 


Input circuits and 
chroma-VBS separation filter 


HE circuit in Fig. 3 serves to select one of 

the inputs and to separate the chroma and 
VBSsignals. Note that, in spite of the English- 
language front panel, some rear panels have 
the annotation ‘FBAS’ instead of CVBS. FBAS 
is the acronym of the German Farbbild Austast 
Synchronsignal = chroma, video, blanking, 


An ELV design 


synchronization signal. 

The input signals may be divided into 
two groups: CVBS and S-VHS& signals. In case 
of the former, the chroma and the VBS sig- 
nals must be separated; with S-VHS signals 
that has already been done. 

TheCVBSsignals are applied from the input 
selector circuit to two filters via Sp). Both these 
filters, Log3-Coo7 and Log2—-C42, are tuned to 
the colour subcarrier. Filter Lyy3-Co7 is a 
band-stop filter that passes only the VBS sig- 
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nal to the output. The other filter passes only 
the subcarrier, and thus the colour signal, to 
the chroma output. 

Filter Lop3—Co07 Operates in conjunction 
with four transistors, Toyy-T2)2, that share a 
common emitter resistance, Ragq. The de. 
operating points of the transistors ensure 
that at any one time only one of them is 
switched on: the others are off. Which one is 
switched on depends on the selected input 
and the colour standard identified by the 
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multi-standard decoder elsewhere in the pro- 
cessor. 

Assuming that an input with a CVBS sig- 
nal has been selected, a potential of about 
2.5 V will be put on to the switching lines 
of the multi-standard decoder. Only T»11 is 
then switched on, resulting in the complete 
CVBS signal being applied to terminal K. This 
has the additional advantage that in case of 
a black-and-white signal (when the decoder 
cannot identify a colour standard) no fil- 
ters are switched into circuit, which is ben- 
eficial to the picture quality. 

If a colour standard has been identified, 
the potential on one of the switching lines, 
B-E, becomes 5.5-6 V. That voltage is used, 
via D>14—D247, to set the d.c. operating point 
of T3j2. The drop across Ro¢q then rises to a 
value that causes T>1; toswitch off. The CVBS 
| signal is then forced to pass through band- 
stop filter L393~Co07 before it becomes avail- 

able, via K, at Ty. 

i If the multi-standard decoder has also 
| recognized that the signal is an NTSC signal 
with a 3.58 MHz subcarrier, diode Do, is 
switched on. This causes Co to be connected 
in parallel with the band-stop filter so that 
the resonance frequency is shifted appropri- 
ately. Although the band-stop frequency for 
all other signals is 4.434 MHz, it should be 
noted that the SECAM subcarrier of 4.286 MHz 
is also suppressed adequately. 

If no CVBS signal has been selected, the 
control logic ensures that Tagg and T49 are 
switched on. The VBS signal of one of the 
5-VHS inputs is then passed directly to ter- 
minal K. At the same time, the drop across 
Rogy ensures that both T>1; and T3137 areswitched 
off, 

The circuit associated with the chroma 
filter operates in a manner similar to that of 
the VBS band-stop filter. Here, the common 
emitter resistance of transistors Toq3—Tang is 
R16, The resonant frequency and Q of the 
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filter are chosen for the SECAM signal 
(4.286 MHz). To enable the filter to handle 
the greater bandwidth of PAL and NTSC 
4.434 MHz signals, it is shunted by Ro29 via 
T2oq and decoupling capacitor Cp34. The Q 
of thenetwork will then drop, while the band- 
width increases. The small difference with the 
required bandwidth is negligible, so that the 
filter does not need retuning. To enable the fil- 
ter to handle NTSC 3.58 MHz signals, it is 
shunted by capacitor Cy13 via T295, while at 


5 ¥} 


the same time the bandwidth is increased 
because the Q factor is lowered by R91. 

The chroma filter selects between CVBS 
and S-VHS signals with the aid of Tap3. In 
contrast to the VBSband-stop filter, the chroma 
filter is always in circuit. This does not affect 
the quality of the output signal. 

When Ta93 is switched on (by its base volt- 
age), one of the two S-VHS signals is passed 
to the chroma output, depending on the base 
potential of T2392. When that transistor is on, 
Tog, is off and the VBS signal at input Video 
5 is passed. When Tq is on and Tp, is off, 
the signal at Video 1/6 is selected, 

The switching of input signals is effected 
by ICaq1—-1Caq3. Video signals (audio signals 
will be reverted to later) are present at one 
of the four input connectors. The standard 
value of their signal strength is 1 Vpp. All 
inputs are terminated into a 75 Q resistor, 
Rog3-Raog. The signals are passed to ana- 
logue multiplexer [C39 (2x4 positions) via 
coupling capacitors C393—-Cagg. The multi- 
plexer selects one of the signals, which is 
indicated by the associated LEDs. 

The control signals for the multiplexer 
are provided by counter IC2p9, which is op- 
erated by switch TA3 1. 

The selected signal is applied to buffer /in- 
verter T297-Tagy. The processor may be set 
for positively or negatively modulated sig- 
nals by switch S2g. From that switch, the sig- 
nal is split into two: one part to the chroma 
filter and the other to the VBS band-stop 
filter. 

Since SCART connector BU 91 also serves 
as an S-VHS input, the signal at pin 20 is 
passed not only to the multiplexer, but also 
directly to the VBS band-stop filter. 

S-VHS signals are not switched by the 
multiplexer, but by transistor stages in the 
filter sections: T2g;-T292 and T2g9-T219. The 
necessary switching signals are derived from 
the state of counter ICo92 by [Ca3. 


A-cut NEl 


= 


Sout KC} 


a-cut LO-—— 


20103 2 


TOA@66D 


TT 72 


ae, 46 


aka 
- 


-— - 
OAC =_= 


ya i 23 i 


9 
G10 ase 


Fig. 4. Circuit diagram of the multi-standard decoder and the video colour controller. 
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Multi-standard decoder and 
video colour controller 


The circuit of the multi-standard decoder 
and video colour controller, shown in Fig. 4, 
carries out the decoding and processing of 
all video signals. 

The actual decoding is effected by ICj9). 
The standard of the incoming signal is de- 
termined by [Cj9; on the basis of the chroma 
signal at pin 15. The chroma filter is set up 
(wide band) to enable any chroma signal to 
be passed correctly. The standard is translated 
into appropriate voltage levels at input /out- 
put pins 25-28. Four levels are recognized: 
0.5 V—standard out; 2.5 V—search mode; 
6 V—standard on; 9 V—forced acceptance 
of a standard. 

Although the multi-standard decoder is 
a fairly complex circuit, it has only three cal- 
ibration points, which, by the way, have noth- 
ing to do with the internal of the IC, but are 
merely intended for adjusting some external 
components. These are (1) the SECAM refer- 
ence circuit, Ly9;-Cy94, (2) Qy91 and (3) Qyo2. 

Because NTSC signals lack a colour burst, 


there is no reference for the chroma signals. 
Ri is provided to make sure that the refer- 
ence of the decoder is, nevertheless, the same 
as that of the transmitter. Maladjustment of 
this potentiometer results in unnatural colour- 
ing of the picture. 

The output of ICj9; consists of two colour 
difference-signals that are applied to delay 
line IC)93. The output of this line is also two 
colour-difference signals but with corrected 
transit times. These signals are then ready 
for the final stage in the decoding and for 
being processed into a picture signal. Those 
tasks are performed by IC) 04, the video colour 
controller. 

Inaddition to the colour-difference signals, 
the inputs to ICjg4 consist of the VBS signal 
that is provided via delay line VZ91, or the 
RGBsignals that are input via Video 2 and ter- 
minals H-J. 

Circuit ICj94 synthesizes the colour-dif- 
ference and VBS signals toan RGB signal. This 
synthesis may be affected by the setting of 
Rj) (colour saturation control). Apart from 
its white-point adjustment, the RGB signal 
can be modified in respect of brightness and 
contrast. The final RGBsignal is applied to the 
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Fig. 5. Circuit diagram of the PAL/NTSC encoder 


PAL/NTSC encoder via pins 1,3 and 5. 


PAL/NTSC encoder 


The diagram of the circuit that reconverts 
the RGB signal into a CVBS signal, PAL or 
NTSC standard, is shown in Fig. 5. Apart 
from the RGB signal, the Type TPE1378A en- 
coder, [C391, requires a number of other sig- 
nals. The first of these is the synchronization 
signal at pin 15, which is provided by the 
synchronization circuit to be discussed in Part 3 
of this article. 

Generation of the colour subcarrier re- 
quires a generator: since NTSC 4.43 MHz as 
well as NTSC 3.56 MHz signals can be 
handled, two generators are needed. When 
either of these is energized, the relevant band- 
pass filter, BPF4 9] or BP F392, is also actuated. 
To compensate for the delay of the chroma sig- 
nal in the filter, the VBS signal is also de- 
layed: in VZa}. 

The RGB input signal is also available as 
a buffered output of IC4q;. The RGB lines are 
connected to the relevant pins of connector 
BU 392 (Video 4 output) via coupling capaci- 
tors and terminating resistors. A voltage can 
be applied to this connector by S3p) to force 
the equipment connected to the processor to 
use the RGB signals instead of the CVBS sig- 
nal on pin 19 as input. 

The CVBS signal is available at pin 5 of 
IC31. It is applied to S3y4 via a coupling ca- 
pacitor and a terminating resistor, and to 
electronic switch [C392. That switch ensures 
that, if Video 4 is used as input and as out- 
put, for instance, during format conversion, 
the CVBS signal is replaced by a composite 
sync (BS or Blanking / Synchronization) sig- 
nal. This arrangement prevents the arising 
of noise and interference between the colour 
subcarriers of the input and output signals 
in the connecting cable. This means, of course, 
that in the final analysis only the RGB signal 
can be used as an output signal. 

The remaining signals provided by IC39; 
are the VBS and chroma signals for the S-VHS 
outputs. These signals are applied to the rel- 
evant connectors, BU39; and BU393, via a 
buffer stage. To ensure that the terminating 
impedance of the VBS or chroma signal is 
correct, connectors BU3q; and BU393 must 
not be used simultaneously, unless S3q4 is in 
position CVBS and no S-VHS equipment is 
connected to BU3 9). iw 


The instalment in the July issue will describe the 
audio, power supply and synchronization circuits, 
while that in the September issue will deal with 
the construction and setting up. 
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FM TUNER 


PART 4: KEYBOARD, DISPLAY AND MODE CONTROL 


is also useful if the synthesizer is omitted, 
and ‘replaced’ by manual tuning (by a preci- 
sion multiturn potentiometer). The printed 
circuit board for the mode control unit 
(Fig. 13) is designed such that it can be fitted 
at the inside of the receiver's front panel. The 
PCB accommodates five push-buttons, of 
which four have a built-in LED, Starting at 
the left, the first three keys are used to select 
different modes of the TDA3810 audio IC, 
while the remaining two serve to control the 
mono/stereo switchin g of the TDA1578 ste- 
reo decoder IC. Both the TDA3810 and the 
TDA1578 are located on the main tuner 
board. 

The function of the push-buttons is as fol- 
lows (left to right): 


In this instalment we deal with the construction of the - $203: NORMAL audio mode (audio pro- 


P i F cessor TDA3810). 
synthesizer board, and the operation of the combined - §204: WIDE audio mode (audio proces- 


keyboard/display/controls unit. sor TDA3810). The stereo image is wid- 
ened, and LED D203 lights. 


Design by H. Reelsen 


WIDE 
NORMAL + P-STEREO 


The introductory photograph shows the 
completed FM tuner in a 19-inch rack style 
enclosure, which follows the line of other 
high-end audio equipment published over 
the past year or so in this magazine. Inside 
the enclosure are six printed circuit boards: 


MODE 
SELECT A 


1. Main tuner board (PCB no. 920005) which 
combines all RF and audio electronics; de- 
scribed in Elektor Electronics March 1992, 

2. Power supply (PCB no. 920005-2) de- 
scribed in Elektor Electronics April and May 
1992. 

3. Mode control board (PCB no, 920005-3) 
described in this instalment. a 
4. Keyboard and display board (PCB no. 
920005-4) also described in this instalment. 
5. Synthesizer board (920005-5); circuit diag- 
ram described in Elvktor Electronics May 
1992, construction in this instalment. 

6. Field strength indicator (PCB no. 920005- 
6), to be described in next month’s instal- 
ment, together with the construction of the 
keyboard/display unit, and, possibly, de- 
tails on wiring, 


SELECT B 
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Audio mode and 
mono/stereo control unit 


IC201a 


While the large keyboard and display key- 
board control and indicate all synthesizer 
functions, a smaller board, described here, 
arranges the audio mode switching of the 
main tuner board. The circuit shown in 
Fig. 12 operates independently of the micro- 
processor on the synthesizer board, sothatit Fig. 12. Circuit diagram of the audio mode and mono/stereo control unit. 
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COMPONENTS LIST 


AUDIO MODE CONTROL BOARD 


Resistors: 
2 150kQ R201;R209 
7 22kQ R202-R208 


Capacitors; 
2 1pF solid MKT C201;C202 
2 100nF C203;0204 


Semiconductors: 
1N4004 D201 
green LED, 
rectangular D202-D205 
74HC02 {C201 
74HC175 1C202 


Miscellaneous: 
§  Digitast push-button with 

12.3-mm wide cap $201-S205 
1 Printed circuit board 920005-3 


- §205: PSEUDO STEREO mode (audio 
processor TDA3810). This effect can be 
switched on with the stereo decoder in 
mono as well as stereo mode. When se- 
lected, LED D202 lights. 

- $201: STEREO mode (stereo decoder 
TDA1578), 

- §202: MONO mode (stereo decoder 
TDA1578). Mono/stereo mode is indi- 
cated by LED D205. 


Since push-buttons are used to select the dif- 
ferent modes, bistables are required to set the 
logic levels of the control lines to the main 
tuner board. The mono/stereo selection re- 
quires only one bistable, which consists of 
NOR gates [C201a and [C201b. When the ‘ste- 
reo’ key, S201, is pressed, the bistable output 
(terminal ‘G’ of the board) goes to 0 V. Ter- 
minal ‘G’ is connected to terminal ‘MONO’ 
on the main tuner board. When a stereo 
broadcast is received, the ‘stereo’ indicator, 
LED Dous, lights. Terminal ‘D’ is connected 
to the terminal marked ‘STEREO LED’ on 
the main tuner board. When the ‘mono’ key 
is pressed, the bistable is reset, and terminal 
‘G’ goes to +5 V. This causes the stereo 
decoder to switch to mono, and the ‘stereo’ 
LED to go out. Components C201-R2u1 form a 
power-up network that sets the bistable at 
power-on. This means that ‘stereo’ reception 
isselected automatically when the receiver is 
switched on, 

The switching between the three audio 
modes offered by the TDA3810 works in a 
manner similar to that of the TDA1578 de- 
scribed above. Three of the four D-type bi- 
stables contained in the 74HC175 package 
are used. The three bistable inputs are con- 
nected to ground via 22-kQ resistors. Push 
buttons $203, 5204 and S205 at these inputs 
have toggle (change-over) contacts, They are 
normally closed (as indicated by the circuit 
symbol), so that the bistable inputs are held 
at +5 V. When one of these push-buttons is 
pressed, its contact switches to the other po- 
sition, so that the corresponding bistable 


Fig. 13. 
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Artwork for the audio mode and mono/stereo control board. 
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Fig. 14. 


input goes low. At the same time, the level at 
the clock input (pin 9) changes from low to 
high. When this positive transition occurs, 
the logic level at the D (data) input of the bi- 
stable is transferred to the Q output, where it 
remains stable until the next positive edge at 
the clock input. This basic operation results 
in the following switching behaviour: 


- When the ‘NORMAL’ key (S203) is 
pressed, the output of the first bistable 
(terminal ‘E’) goes low, and that of the 
third bistable (terminal ‘F’), high. 

- When the ‘WIDE’ key (S204) is pressed, 
both ‘E’ and ‘F’ go logic high. 

- When the ‘PSEUDO’ key (S205) is 
pressed, ‘E’ goes high, and ‘F’ low. 


The two outputs ‘E’ and ‘F’ are connected to 
the MODE SELECT A and MODE SE- 
LECT B terminals on the main board, where 
the logic levels result in the following modes: 
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Circuit diagram of the keyboard/display unit. 


The associated indicators, LEDs D202 and 
D203, are driven by the main board. The con- 
nections are as follows: terminal ‘A’ goes to 
‘BASIS B LED’ on the tuner board, and ter- 
minal ’B’ to ‘P-STEREO’ on the tuner board. 

The UNLOCKED (out of lock) signal sup- 
plied by the synthesizer requires to be in- 
verted before it can be used. This is achieved 
with gate IC201D, whose output is fed to the 
‘MUTE’ input of the tuner board via terminal 
‘H’. The mute indication is also driven by cir- 
cuitry on the main board: the ‘MUTE LED‘ 
output (at R46) is connected to terminal ‘C’ 
{at D204) on the small controls board. 


Keyboard and display 


The circuit diagram of the keyboard /display 
unit is given in Fig. 14. This unit is con- 
structed on a separate printed circuit board 
which is also fitted at the inside of the re- 
ceiver’s front panel. Cut clearances in the 
front panel to enable the keys and the LED 


Mode A B displays to protrude. The keyboard consists 

Stereo L x of 15 push-buttons of the ‘Digitast’ (ITT- 
A A Schadow) type with 123-mm widecaps, like ~ 

Pseudo stereo H L the ones used on the smaller controls board. 


ELEKTOR ELECTRONICS JUNE 1992 


D132 
= 
a 
& 


10126 
0129 
i131 


S114 S115 


STORE 


920005 » Ml. 12 


4)5¥ 


The readout consists of seven 7-segment 
LED displays. 

Only a single 8-bit bidirectional port is re- 
quired to drive the displays and read the 
keys. However, this port must be capable of 
sinking as well as sourcing a current of 5 mA 
per line. This requirement is met by [C405 on 
the synthesizer board. The outputs of TCa05 
are connected to inputs D0 to Dé on the dis- 
play board. 

Datalines D0 to D3 are connected to all in- 
puts of display drivers ICi to ]C7, which are 
Type 4511 7-segment LED display lat- 
ches /decoders/drivers. A ‘low’ level at the 
LE (latch enable) input of a 4511 clocks the 
data into the display decoder. Address 
decoder ICs determines which display 
driver accepts the data. The selection is made 
with the aid of the logic levels on the D4, D5 
and D6 lines that exist when IORW is actu- 
ated. This forms the strobe signal that indi- 
cates that the data on DO-D6 are stable and 
valid. 

The keyboard is encoded with the aid of 
diodes, which also serve as straight connec- 


‘tions. This method is traditional as weii as 


economic, since it enables the use of a single- 
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sided PCB. 

Pressing a key on the tuning keyboard 
causes a high level on one or more datalines, 
but only when the driver on the synthesizer 
board is switched to ‘receive’. When this is 
so, the key code is applied to [C405 via R51- 
Rs4 and datalines D0-D3. When it happens 
that a key is pressed while the driver ‘trans- 
mits’, no bus conflict occurs because the 
driver ‘overcomes’ the keyboard lines with 
their 1-kQ resistors. Resistors Rs51-R54 then 
function as pull-ups only. 

Push-button $115, which is connected to 
the ‘T’ and ‘EB’ terminals via 1-kQ resistors, 
has a special function, We are talking about 
the reset key. When S115 is pressed, the reset 
input line of the synthesizer tuning system is 
pulled to ground. As described last month, 
the synthesizer is switched off during nor- 
mal operation of the receiver. The push-but- 
ton that causes the reset action is labelled 
‘ENTER’ because it restarts the microcon- 
troller, and needs to be pressed before every 
new entry. 

A further novelty of the circuit is the ‘EX- 
ECUTE’ key, Si11, which is used to termi- 
nate entries. The parallel R-C network 
Ris6-C103 ensures that an ‘execute’ key action 
is simulated at power on. 


The tuning functions 


The upper part of the keyboard has the num- 
ber keys 0 to 9 to enter frequencies and sta- 
tion presets. The receive frequency is shown 
on the five LED displays to the right of the 
readout, while the first two digits show the 
preset number, This means that a total of 
99 presets is available. 

In addition to the 9 numerical keys there 
are 5 function keys: 


NTER tostartever- entre ———— 
STORE to store a frequency entered or 
displayed; 
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- EXECUTE to close off any entry (except 
when STORE is used); 
- UP to increase the tuning frequency; 
- DOWN to decrease the tuning frequency 
in steps of 50 kHz. 
The operation of the keyboard is simplicity 
itself. When power is applied, the receiver is 
automatically tuned to the station it was last 
tuned to, and the display shows the station 
frequency. The following keys have to be 
pressed to select another station from the 
memory: 
ENTER — Station number (1-99) — 
EXECUTE 
Alternatively, you may want to enter the sta- 
tion frequency, e.g. 98.50 MHz: 
ENTER — 9850 — EXECUTE 
When it is desired to store the displayed fre- 
quency as preset (station number) 15, press 
ENTER — 15 — STORE 
To tune the receiver up or down press 
ENTER — UP 
or 
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ENTER — DOWN 
The frequency changes as long as you hold 
the UP or DOWN key pressed. When the key 
is released, the frequency remains static for 
about 3 seconds, after which the microcon- 
troller switches itself off. In the other entry 
modes, the microcontroller is switched off 
when the ‘EXECUTE’ or ‘STORE’ key is 
pressed, and ‘woken up’ again when the 
‘ENTER’ key is pressed. 

The lithium battery on the synthesizer 
board ensures that stored frequencies and 
station preset numbers remain intact for at 
least ten years. All entry errors, for instance, 
an out-of-band frequency (lower than 87,50 
or higher than 108.00), are signalled by the 
display clearing to all zeroes, and flashing 
five times. After this error indication, you 
can attempt a new entry. 

The frequency raster is 50 kHz in direct 
frequency entry mode. This means that the 
last digit can only be ‘0’ or ‘5’. When another 
value is entered, the tuning program auto- 
matically rounds it to the nearest raster 
value. 


Synthesizer board 


Although the synthesizer is a fairly complex 
circuit, its construction is entirely straight- 
forward. Start your work by fitting the 
27 wire links on the board (see the compo- 
nent overlay in Fig. 15). The rest of the work 
is mostly positioning components, and ben- 
ding, soldering and cutting component 
wires. It is recommended to use sockets for 
all ICs. 

Finally, note a small error in the circuit di- 
agram of the synthesizer (Fig. 11): the 4.7-nF 
capacitor at the OSC input should be labelled 
C415, not C407, 

A further error has been made with elec- 
trolytic capacitor C70 on the main tuner 
board: C70 is shown with the wrong polarity 
both in the circuit diagram, Fig. 4, and on the 
component overlay of the tuner board (also 
Fig. 5b). Ld 
The construction of the readout/keyboard unit 
will be discussed in next month's instalment, 


MAX660 INVERTER/DOUBLER 


Design by J. Ruiters 


A small circuit is described that inverts a positive voltage into a 
negative one or doubles its level. It does not use inductors and is 
based on a single Type MAX660 chip. 


HE power supply for a battery-operated 

design can often cause a few headaches 
as regards the level of the voltage or whether 
asymmetrical supply should be used. The lat- 
ter, for instance, normally means a doubling 
of the number of batteries, which take twice 
the space originally allowed for and increase 
the weight: two undesirable factors. The ob- 
vious solution is a switch-mode supply, but 
the construction and / or dimensions of the in- 


a 


o1 BAT85 


ductor required for thatis another unwelcome 
element. 

There is, however, another solution, pro- 
vided the output current is not required to 
be larger than 100 mA: the Type MAX660 in- 
tegrated circuit. This IC needs only a few ca- 
pacitors and a diode to provide, from a pos- 
itive supply, a negative voltage at the same 
level or double the voltage. Itis, of course, pos- 
sible to use a number of these [Cs to increase 


the output current or voltage, but the pro- 
posed design is based on just one. 


The circuit 


The internal of the MAX660 circuit is shown 
in Fig. 1; Fig. 1a is a design for a voltage in- 
verter and Fig. 1b, for a voltage doubler. 
Within the IC, one of two pairs of CMOS 
switches is opened or closed by the internal 


1V5...5V5 
¥. 


® 


2V5...5V5 


920032-12a 


01 BAT8&5 ¥ 


920032-12b 


Fig. 2. The two circuits of Fig. 1 can be combined into one that can serve either as an inverter or as a doubler. 
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TABLE 1 | 
Connections 


a 


A B 
ground | “in (2.5-5.5 V) 
“in (15-55 V) | out 

out ground 


oscillator that operates at 10 kHz. 

If, in Fig. 1a, S; and S; are closed (S2 and 
$4 are then open), C; will be charged. When 
these switches change over, Cy and C3 are in 
parallel, whereupon charge is transferred 
from C; to C3. Also, the polarity of C; with 
respect to earth is reversed (pin 2 was con- 
nected to ® Uj, and is now connected to earth, 
while pin 4 was connected to earth and is 
now connected to pin 5). The voltage across 
C3 will thus be negative with respect to earth. 
In the absence of a load, a negative voltage 


TABLE 2 
Function of various components 


pump 

input buffer 
output reservoir 
polarity protection 


pump 

output reservoir 
input buffer 
start up 


TABLE 3 
Measurement tesults 


Efficiency 
(%) 


Usippie 
(MV pp) 


Fig. 3. Printed-circuit board for the inverter/doubler 
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will arise across C3, whose level is equal to 
that of ® U,. When the circuit is loaded, that 
negative voltage will not only decrease, but 
will also have a ripple. This is, of course, be- 
cause Cj can transfer only a limited charge, 
smaller than the one required, per unit time. 
Onaverage, there will remaina smaller charge 
in C3, so that the voltage across this capaci- 
tor will drop. 

When the switches are connected as in 
Fig. 1b, and a diode, Dj, is added, the IC will 
double the input voltage. When the supply 
is switched on, C> is charged immediately to 
the supply voltage (less the forward voltage 
of the diode) via Dy. This is necessary to en- 
sure a supply to the oscillator. Furthermore, 
the charge need not be transferred via the 
IC. Here again, C) is the reservoir. Itis charged 
when the switches are in the position shown, 
When the position of the switches is reversed, 
C, is in series with the supply voltage, Up, 
so that the potential across it is 2U,. At the 
same time, C> is connected, so that charge is 
transferred from C; to Co. In that way, and 
provided the the circuit is not loaded, a volt- 
age arises across C> that is twice Up, As in 
Fig. la, when a load is connected to the cir- 
cuit, the output voltage, 2U,, will decrease 
in proportion to the load (see Table 3). Bear 
in mind that the input current will be twice 
as large as the output: the energy has to come 
from somewhere. 

The circuits in Fig. la and Fig. 1b can be 
combined as shown in Fig. 2. The position of 
jumper JP1 and the connections to X, Y and 
Zare givenin Table 1. Table 2 shows the func- 
tion of each of the external components, When 
the circuit serves as voltage inverter, D, is 
notreally required, but, together witha 160 mA 
fuse, it serves as protection against polarity 
reversal. Should the supply voltage be con- 
nected with incorrect polarity, it will be short- 
circuited by Dy, whereupon the fuse blows. 

The minimum input voltage to the dou- 
bler circuit cannot be as low as to the inverter 
circuit, because, in that configuration, the 
oscillator has difficulty in starting at too low 
a voltage. This happens particularly at input 
voltages below 3.5 V; above that level, the 
oscillator starts readily at all times. 

Although the circuit is perfect for build- 
ing into an existing design, there may be ap- 
plications where it is used by itself and for 
those a printed circuit board—see Fig. 3—is 
provided, a 


: Capacitors: 
C1-C3 = 220 uF, 16 V, radial 


| Semiconductors: 
D1 = BAT85 
ICi = MAX660 


4-MEGABYTE PRINTER BUFFER 


Print files, whether they contain text, graphics or both, 
seem to become larger and larger as the programs that 
output them, and the printers that produce the ‘hard 
copy’, become smarter every day. That is all very well, but 
we do not want to see our ever so fast PC being held up 
by a simple task such as printing. The solution to this 
well-known bottleneck is to use a fast intermediate 
storage device with a large memory to capture the printer 
data supplied by the computer. Such a buffer is described 
here: it is Centronics-compatible, and offers a memory 


size of 1 MByte or 4 Mbyte. 


Design by R. Degen 


HE function of the printer buffer is easily 

described. It is a device connected be- 
tween the computer’s parallel printer (Cen- 
tronics) port, and the input of the printer. 
The printer buffer accepts data very fast, and 
feeds it out again, patiently, to the printer. In 
other words, it is the printer buffer, not the 
computer, that has to wait for the printer. 
Precisely this feature saves you time, since 
the PC returns very quickly from its ‘print’ 
job, leaving the printer data in the buffer. The 
buffer, in turn, communicates with the 
printer at maximum speed. Since today’s 
computers are nearly always faster than any 
type of printer, the buffer must be large 
enough to temporarily hold the largest 
possible ‘chunk’ of the data that forms the 
print file. 

The above already defines the required 
interfaces: one at the computer side of the 
printer buffer, and one at the printer side. 
Here, the familiar Centronics interface is 
used at both sides. Apart from these (paral- 


lel) interfaces, we require a couple of con- 
trols and a readout to keep an eye on what 
the printer buffer is doing. To keep the cir- 
cuit as user-friendly as possible, it has been 
given some intelligence in the form of a 
microcontroller. 


A brief overview 


Figure 1 shows a simplified block diagram of 
the printer buffer, and Fig, 2 a flow chart of 
the control program executed by the internal 
microcontroller. Figures 1 and 2 lead up to 
the actual circuit diagram of the printer buf- 
fer, which is given in Fig. 3. Those of you 
familiar with microcontrollers will recognize 
the so-called embedded controller applica- 
tion, which is basically a small computer sys- 
tem tailored to a specific application. 

The heart of the circuit is formed by three 
blocks: the microcontroller, ICy; the DRAM 
(dynamic random-access memory) section 
(IC1-ICs); and an EPROM, IC11. Further, the 
circuit contains three registers, [C13, IC14 and 
1C20, which provide a buffer function for the 
data that travels between the computer, the 


MAIN SPECIFICATIONS _ 


Simple to use 
Compact design 


Uses industry-standard DRAMs _ 
or single SIP/SIM DRAM module ~ 


One or four megabyte DRAM. 


Power supply: internal or via 
printer 


Microprocessor-controlled 
(80C31) 


printer and the display. Address decoding 
and register selection is arranged by IC12, a 
74HCT138. 


The circuit in detail 


The control of the DRAM is fairly complex, 
and will therefore be looked at in some de- 
tail. Since an 8-bit microcontroller can ad- 
dress a RAM of 64 Kbyte only, some 
additional logic is needed if we want it to 
deal with a RAM of 4 MByte. Here, this ad- 
ditional logic consists of 2 bistables, four 
NAND gates and a little software. 

DRAM refresh circuitry has to be added 
also, because is it not provided by the 8031 
microcontroller. Although this would ap- 
pear to call for a refresh counter im- 
plemented in software, a counting routine 
for 512 or 1,024 refresh cycles would, unfor- 
tunately, take too much valuable processor 
time. A different approach is, therefore, 
used. 

To keep the refresh time as short as 
possible, the microcontroller’s ‘external 
memory access’ signal is used, Since the 
PSEN output of the 8031 is actuated twice 
during every processor cycle (16 MHz/12 = 
750 ns), it can be used to derive the RAS (row 
address strobe) signal needed for the 
DRAMs. Address information being, avail- 
able during the PSEN pulse, all that is 
needed further is ensuring that the correct 
addresses are applied to the RAMs, To ar- 
range this, the processor jumps to a subrou- 
tine that starts at address 1000H, where a 
sequence of 512 2-byte instructions is started. 
The only function of this part of the program 
is to enable the controller to increase the 
value on address lines A0-A9 sequentially, 
This type of refresh control is usually 
referred to as RAS-only-refresh, 

The control of the read and write func- 
tions of the DRAMs is arranged via the WR 
line of the microcontroller. To address a 
DRAM IC, the column address must be sup- 
plied before the row address. This is 
achieved by actuating the output of the con- 
troller’s RAS-enable function (pin 15). Next, 
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the row address is put on to the databus with 
the aid of a MOVX instruction. At the same 
time, the controller’s WR line is pulled low, 
which causes the output of the bistable (pin 6 
of ICi8a) to go low also. The signal arrives at 
the RAS connections of the DRAMs via 
NAND gates IC15b and IC 15c. In this way, the 
row addresses are conveyed to the DRAMs. 

Next, the column addresses have to be 
supplied. To begin with, the controller’s CAS 
(column address strobe) enable function 
(pin 14) is actuated. Next, the column ad- 
dress is placed on to the databus with the aid 
of a MOVX instruction, while the microcon- 
troller’s WR line is pulled low. This signal ar- 
rives at the CAS inputs of the RAMs via 
NAND gate IC 15d, and at the clock input of 
bistable ICisb. In this way, the column ad- 
dresses are conveyed to the DRAMs. 

When the output of ICisb is actuated on 
the positive edge of the WR signal, this bi- 
stable resets the RAS line to its normal level. 
An R-C network ensures that ICis8b is reset 
immediately after the RAS line. From then 
on, the microcontroller can write data into 
the DRAMs. 

A further interesting section of the circuit 
is the Centronics input. To enable this to re- 
spond sufficiently fast to the computer's 
strobe signal, a bistable circuit was designed 
that pulls the BUSY line high the instant the 
strobe pulse appears. At the same time, data 


is stored in a register. The microcontroller 
resets the bistable after reading the register. 
The fast operation of this circuit prevents 
data loss. 

The printer buffer may be powered in 
two ways: by its own, internal, supply, or by 
the printer it is connected to. The selection 
between these two possibilities is made with 
switch $3 on the board. If CMOS components 
are used, the current consumption of the 
buffer lies between 150 mA and 200 mA. 


Control software 


After powering up, the internal memory of 
the buffer is tested. When the test is finished, 
the memory size is briefly shown on the 3- 
digit LED readout. The indication ‘1.02’ 
stands for 1 MByte, and ‘4.09’ for 4 MByte. 
By the way, these figures do not indicate that 
all bits in the memory function correctly; the 
basic memory test is too simple for that, and, 
based on a few random tests, serves only to 
determine the memory size. 

As soon as the memory size has been 
determined, the size indication is replaced 
by ‘000’. At the same time, the INT line on the 
Centronics bus is pulled low to reset the 
printer to its default mode. Next, the control- 
ler waits for the strobe line of the computer 
to go high. When this happens, the buffer is 
switched to receive mode. The advantage of 


— register init 

— set 'O ports 

~ Clear flags 

— INT1 on negative edge 
for strobe signal 

— 01 display multiplex 

timer to 100 Hz 


do a retresh to 
initialise RAM 


pressed 
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Controller 


910110 - 12 


Fig. 1. 
printer buffer. 


Simplified block diagram of the 


this sequence is that the buffer can not be 
loaded with incorrect data when the com- 
puter is not yet switched on, while the buffer 
is on. 


RAM test 


It is possible to test every bit in the buffer 


display 
etror report 


3 


— sal display to 000 
— Clear input pointer 
= clear output pointer 


strobe al 


high level 
2 


clear strobe flag (JF1) 


ee eee ee 
Fig. 2. 
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— do refresh 
- scan keys 
~ Set key flags 


— clear bul 
~ Initialise printer 
— display “CLR” 


do COPY 
routine 


memory 
overflow 
* 


wait until printer is ready; 
then move data from 
buffer to printer 


$10110- 14b 


Flow diagram of the control program developed for the printer buffer. 
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BUSY IN 


LD1..LD3 = HD1105G 


Fig. 3. Circuit diagram of the printer buffer. Remarkably, the microcontroller needs very little external hardware to perform a not so simple 
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4-MEGABYTE PRINTER BUFFER 
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Fig. 4. Onprevious page: track layouts (mirror images) of the component side and the solder side of the double-sided through-plated PCB. 
Above: component overlay. 


COMPONENTS LIST 


: : © of MT4C1004 (4MByte) ic1-Ic8 Digitast push-button $1;S2 
47kQ R1 OR Change-over slide switch 
10kQ R2;R5;R6;R7 1. SIPP or SIMM 1MBytex8, for PCB mounting, with 
8-way 10kQ SIL array R3 IMBytex9, 4Mbytex8 angled pins 83 
1002 R4 or 4Mbytex9 1C21 Quartz crystal 16MHz x1 
R8;R9 80C31BH-1 Ic9 Printed circuit board 910710 
R10-R17 74HCT573 1C10;1C13;1C14; Front panel foil 910110-F 
R18;R19;R20 {C20 Enclosure 75-1410J (Vero) 
2764 (150ns) SIMM adapter (if required) 
(ESS6041) IC11 
“CAA 74HCT138 1C12 
ol nips 74HCTOO IC15;1C17 
C9:C10 T4HCTO4 iC16 
47uF 16V ci 74HCT74 1C18 
220pF C12 7805 1C19 
330nF C13 HD11056 
100uF 16V radial C15 or TDS3150 LD1;LD2;LD3 


Miscellaneous: 
2 36-way female Centronics 


ae connecter for FOS 8 mounting K1;K2 


D3 


HYBS11000 ({MByte) 
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Centronics connector pinning 
1 


1 DATA STROBE 
2 DATA 
3 DATA 2 
4 DATA 3 
5 DATA 4 
6 DATA 5 
7 DATA 6 
8 DATA? 
9 DATA 8 
10 ACKNLG 
144 BUSY 
12 PE 
13 SLTC 
14 AUTO FEED 
15 
16 ov 
7 ov 
18 +5V 50mA 
19...29 | GND 
30 INPUT PRIME RET, 
41 INPUT PRIME 
32 FAULT 
33 ov 
34 
35 + 5V (via 4k7} 
36 SLCT IN 
910101-13 
Fig. 5. Centronics connector pinning. 


Check this against the data given in the ma- 
nual that came with your printer. 


memory. This may be done by keeping the 
CLR key pressed while the buffer is switched 
on. As long as no error is found, a counter 
counts from 000 to 1.04 (for 1,048,576 bytes) 
or 4.19 (for 4,194,304 bytes). When a faulty 
RAM location is found, the counter stops, 
and the display indicates ‘err’. The RAM test, 
which takes a few minutes to complete, may 
be terminated any time by pressing the CLR 
key. 


Construction 


The PCB section that forms the key- 
board / display (controls) unit is cut off from 
the board supplied through the Readers Ser- 
vices. The artwork for the double-sided, 


through-plated board is given in Fig. 4. The 
completed controls board is fitted behind the 
front panel of the Vero enclosure. When the 
LED displays are fitted in IC sockets, they 
are at about the same height as the key caps 
of the push-buttons. 

There are several options in regard of the 
buffer RAM. One is to use so-called SIM mo- 
dules (SIMMs), which are commonly used in 
PCs. These are available as 1-MByte or 4- 
MByte modules with a ‘width’ of 8 or 9 bits. 
SIMMs have PCB edge connectors like PC 
extension cards, and require a special adap- 
tor with snap-in side latches (Fig. 6) to enable 
them to be mounted on to the main printer 
buffer board. 

SIP modules are equally suitable, and 
also come in 1-MByte or 4-MByte, and 8- or 
9-bit, versions. Having pin connections, they 
do not require adaptors to be fitted on to the 
board. 

The last memory option is to use eight 1- 
Mbit or 4-Mbit RAM ICs in DIL packages. 
Unfortunately 4-Mbit ICs like the MT4C1004 
are still pretty expensive and difficult to ob- 
tain. If you can get them, make sure that they 


are 18-pin DIL types — it appears that the 
enclosure is not the same with all manufac- 
turers. Finally, it is not possible to fit both a 
module and discrete RAMs at the same time, 
for instance, to create a RAM of 2 Mbyte. 


Practical use 


Connect the input of the printer buffer (Ki) 
to the Centronics output of the computer, 
and the output of the printer buffer (K2) to 
the input of the printer. These connections 
are made with standard Centronics printer 
cables. 

The amount of data sent to the printer 
buffer is shown on the display, rounded to 
whole kilobytes. The printer buffer starts to 
feed out data immediately if it finds that the 
printer is ‘on line’. This may be stopped by 
pressing the CLR key, whereupon the dis- 
play reads ‘Clr’. Next, the data in the buffer 
is cleared, and the display indicates ‘000’ 
again. 

The copy function of the printer buffer 
may be used to produce copies of the print 
file. This function is available only when the 
computer is not sending data any more, and 
the printer has read all data from the buffer. 
The copy function is automatically disabled 
when a memory overflow occurs, so that 
only files that fit in the buffer memory can be 
printed more than once (i.e., copied). The 
copy function is started by pressing the 
‘COPY’ key, whereupon the associated LED 
will start to flash. Copying can be terminated 
at any time by pressing the ‘CLR’ key, and 
started again by pressing ‘COPY’. If, how- 
ever, the ‘CLR’ key is pressed a second time, 
the buffer memory is cleared, and the printer 
is initialised. Since it is required for the copy 
function that the last received file is dupli- 
cated (rather than the complete contents of 
the buffer memory), the control software 
contains a strobe-timeout routine that marks 
the start and end addresses of a file, about 


Fig. 6. A bracket-style adaptor as shown here is required if you want to use a SIM module. 


40 s after the last strobe signal received from 
the computer. a 
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MULTI-PURPOSE Z80 CARD 


PART 2: CONSTRUCTION AND TEST 


Following last month’s 
description of the system 
structure and the circuit 
diagram, this second and 
last instalment looks at 
building and testing the 
card. 


Design by A. Rietjens 


Test routines in BIOS 


The card can be tested with the aid of anum- 
ber of routines contained in the BIOS, These 
test routines are called automatically when 
only the BIOS is present. However, they may 
also be run when an application program is 
executed that starts up the card. All that is re- 
quired to call the tests is to keep a key 
|| pressed while the system starts. The way in 
* which the application is called offers the 
possibility to change the I/O routines (to a 
certain extent} for your own use. This is so 
because two routines contained in the appli- 
cation EPROM are called when the system 
starts: the first before, and the second, after, 
the test routines. For example, the first rou- 
tine may set up a key code translation table 
for the IR receiver, which may be verified via 
the keyboard test routine. The second rou- 
tine then contains the application proper. 


Software support 


The diskette available for this project 
(MSDOS 360 KByte 54-inch; order code 
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Fig. 7. 


There is nothing mysterious about 
fitting an IDC connector on to a flatcable. As 
shown here, a small vise does the trick. For 
IDC plugs, make sure that the pins are tem- 
porarily inserted into a few pieces of strip- 
board. 


1711) contains examples that demonstrate 
the practical use of some of the software fea- 
tures discussed earlier. Among the examples 
are the things you have to put inan EPROM 
to enable it to be identified by the BIOS, and 
a software ‘hook’ that adds a routine to the 
10-ms interrupt of Timer 3. 

Also contained on the disk are the Turbo 
Pascal procedures used to produce the basic 
functions of the RS232 interface. After 
switching on the card, the baud rate and 
transmission format are automatically set to 
2400 bit/s, 8 data bits, no parity, 1 stop bit. 

The disk contains a file that enables 
owners of an EPROM programmer to burn 
their own BIOS EPROM. Those of you who 
do not have an EPROM programmer may 


SOFTWARE SUPPORT 


The multi-purpose Z80 is supported 
by the following software: 


ESS 6111: a set of two GALs 
for address decoding and 
memory decoding; 


ESS 6121: one. programmed — 
27128 EPROM containing the. 
BIOS; 
ESS 1711: one 54-inch 
360-KByte MSDOS diskette 
containing the following files: — 
- description of BIOS calls with 
examples (if necessary. 
depending on the routine’s level 
_of complexity); 
“example of how the BIOS file 
"can be incorporated in your own 
source code file; 
description of the system 
variables; 
EPROM listing of the BIOS in. 
hexadecimal and binary foemat’ 
assembly programming — 
examples of (1).a ‘hook’ and (2): 
an EPROM definition for yom 
own application; 
description of how to put the 
contents of two ERROMs into a 
single 27256, so that 64 Kbyte 
RAM may be used: 
Pascal source code listing of 
serial port control routines; 
description of the serial 
command set. 


Prices and ordering details relevant 
to these software items may be’. 
found on the Readers Services page 
elsewhere in this issue. 


obtain the BIOS EPROM through our 
Readers Services as item 6121. The BIOS file 
is also required when you wish to use 
64 KBytes of RAM, since in that case the 
BIOS and the application are both contained 
in a single 27256 EPROM. How the two are 
combined is explained on the diskette. 

The source code (assembler file) of the 
BIOS is not contained on the diskette; only a 
list with call addresses is provided, and in- 
structions for use. 


Connections to the outside 
world 


Your own hardware experiments may be 
connected to the Z80 card via flatcables. Care 
should be taken to observe the polarity of the 
IDC headers on the cables, and the box 


42 COMPUTERS AND MICROPROCESSORS 


Fig. 8. 


headers on the board. On both devices, pin 1 
is usually marked by a small arrow. When 
making the flatcables, make sure that pins 1 
of the IDC sockets you press on either end go 
to the same wire in the cable. To reduce cost, 
one side of the flatcable can be fitted with a 
connector for PCB mounting. In this way, 
you save on the cost of a boxheader. The 
PCB-mount [DC connector should, however, 
be fitted at one side of the cable only (prefer- 
ably not at the side of the Z80 card). In this 
way, the Z80 card ia always available as a 
kind of motherboard to which application 
circuits can be connected as required. Use a 
small vise to clamp the IDC sockets on to the 
flatcable. To protect the pins of the PCB con- 
nectors, these are best inserted into two or 
three stacked pieces of veroboard (see 
Fig. 7). 

The components list contains all connec- 


LCD CONNECTIONS 
: - K10 Display 
4 GND VSS 
2 45V VDD 
3 CONTRAST Vo 
4 Al RS 
5 AO R/W 
6 DISP E 
7 DO DBO 
8 Dt DBI 
| 9 D2 DB2 
10 D3 DB3 
11 D4 DB4 
12 D5 DBS 
Mg D6 DB6 
14 D7 DB7 
| 15 BL | (node) 
16 GND ~ C(athode) 
Fig. 9. Pinning of K10 (Z80 card) and the 


LCD. If necessary, the LCD back light may be 
powered separately via flatcable wires 15 
and 16 (see text). 


The Hitachi LM092LN LCD is simple to connect via a 16-way flatcable with an IDC 
plug at one side, and an IDC socket at the other. 


tors and flatcables necessary for the applica- 
tions implemented on the Z80 card. The 
cables required are described below. 


Liquid crystal display 

The PCB connector for the LCD also pro- 
vides the supply voltage for back-lighted 
displays. The LCD type given in the parts list 
is the easiest to use since it may be connected 
via a ‘straight-through’ 16-way cable. One 
end of a piece of 16-way flatcable is fitted 
with a normal IDC socket, and the other end 
with an IDC plug for PCB mounting (sce 
Fig. 8). As already mentioned in last month’s 
instalment, almost any LCD with one or two 
lines of up to 40 characters, with or without 
back-lighting, may be used. Although the 
pin functions of the LCDs seem to be stand- 
ardised, the actual positions of the pins may 
differ. The back light must be an LED (there 
are also LCDs around that use a higher volt- 
age for the back light), Depending on 
whether current drive or voltage drive is re- 
quired, resistor R21 is calculated to pass the 
required current, or it is short-circuited. If 
the back light is powered via two separate 
connections instead of two wires in the flat- 
cable, it is best to split wires 15 and 16 from 
the flateable, and solder these directly 
(wire 15 = BL = anode; wire 16 = ground = 
cathode). The LCD connections are given in 


Fig. 11. 
of flatcable and two IDC connectors. 


RS232 CONNECTIONS 


D9-Connector 
(female) 


2 
6 


Ki1 


no £F& @O@ wo HN 


- ow on onoan-kt WOW NH 


Fig. 10. Refer to this pinning overview in 
case you are forced to use a solder type 
9-way sub-D connector for the RS232 link. 


Fig. 9 for your reference. Whatever LCD 
type you use, make sure you have at least the 
connection diagram! 


RS232 cable 

Pay attention when making the RS232 flat- 
cable. The pinning of the PCB connector does 
not correspond to that of a standard solder- 
type 9-way female sub-D connector. Here, 
we suggest the use of an IDC-style sub-D 
connector, i.e., one for flatcable mounting. 
The other end of the 9-way flatcable is fitted 
witha 10-way IDC socket of which pin 10 is 
not used, Those of you who wish to use a 
solder-type sub-D connector may find the 
connections listed in Fig. 10. 

When the Z80 card is fitted in an enclo- 
sure, the 9-way sub-D connector will nor- 
mally be fitted on the rear panel, so that a 
very short cable is required. A standard 9-to- 
9 male-to-female RS232 cable is then used to 
connect the Z80 system to a PC, If you can 
not obtain such a cable, you may have to 
make one yourself from a length of flatcable 
and two IDC connectors (see Fig. 11), Make 
sure that pin 1 of the female connector goes 


A standard 9-to-9 male-to-female RS232 cable is not difficult to make from a length 
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to pin 1 of the male connector. 


Infra-red remote control 

The RC-5 infra-red remote control receiver is 
connected to the Z80 card via a length of 14- 
way flatcable. One end of the cable is fitted 
with an IDC socket, the other with an IDC 
PCB connector (see Figs. 12 and 13). The IR 
receiver module may be fitted on a front 
panel, together with the LCD. It is then best 
mounted ona small aluminium plate, which 
is secured to the rear side of the LCD. This 
requires the connections to the LED and the 
photodiode to be extended with wires to en- 
able these components to be fitted on the 
front panel (see Fig. 13), 


Printer connection 

There are two printer connections: a stand- 
ard one, PRN, and another, PRN’, for spe- 
cific applications, Figures 14 and 15 illustrate 
how the PRN connector is wired to a 25-way 
female D connector, to which a standard 
Centronics printer cable may be connected. 


Battery backup 

The memory backup battery may be either a 
dry cell, a rechargeable battery, or a lithium 
battery. Depending on the battery type used, 
one or two jumpers have to be fitted (Fig. 16). 

Make sure that the jumpers are correctly 
fitted, because dry cells and lithium batteries 
must never be charged. When a lithium cell 
is used, this must be shunted by a 3.3-MQ re- 
sistor to compensate the leakage currents 
that would otherwise cause the battery to be 
charged. Although we could not measure 
the charge current even at a resolution of 
0.1 WA, it could be shown that the lithium 
battery on our prototype board was being 
charged, hence the use of the shunt resistor 
to prevent problems. The 3.3-MQ resistor is 
best fitted at the solder side of the PCB. 

The minimum and maximum battery 
voltages are 2 V and 4 V respectively. When 
the system is switched off, the current con- 
sumption of the RAM ICs is between 2 HA 
and 4 WA. 


Construction and test 


The PCB designed for this project is remark- 
ably compact, and fits in a Retex Type RE.4 
enclosure. Although the track layouts of 
both sides of the PCB are given in Fig. 17, 
along with the component mounting plan, it 
is not recommended to make this PCB your- 
self, mainly because of the high track density 
and the large number of through contacts. 

Before you start populating the board, 
file away a small piece of PCB material near 
connector K2. This allows the supply wires to 
be bent away more easily later. 

The ICs are best fitted last. It is recom- 
mended to use boxheaders in the connector 
positions on the board. A boxheader is a pin 
header with a plastic enclosure around it. It 
has a polarizing hole that prevents an IDC 
socket being inserted the wrong way 
around. If you have never seen a box header 
before, look at the photographs in this and 
last month’s instalment, If the LCD men- 
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Fig. 12. 


MULTI-PURPOSE Z80 CARD 43| 


The IR receiver is hooked to the Z80 card via a length of 14-way flatcable fitted 


with an IDC socket at one end, and an IDC plug (for PCB mounting) at the other. 


Fig. 13. 
secured to the rear of the LCD unit. The LED and photodiode connections need to be extended 
in this case to enable the opto components to be fitted on the front panel. 


tioned in the parts list is used, fit a wire jum- 
per in position R21. 


First, connect the Z80 card to a suitable 
power supply, and check that the current 
consumption is normal, i.e.,a few milli-amps 
(the ICs are not fitted as yet). Next, perform 
the step-by-step test procedure given below. 
Each time you switch on the card, keep an 
eye on the current consumption, which is a 
good indicator when something is amiss. 
The typical current consumption of the Z80 
card with all IC fitted will be around 
100 mA; about 150 mA with the PC-XT key- 
board connected, and about 300 mA with the 
keyboard and the back-lighted LCD con- 
nected. 

Do not forget to switch off the power sup- 
ply in between the steps. If the circuit does 
not behave as described, check for errors 
around the component(s) last fitted. 


1. Fit IC18, and use an oscilloscope to check 
that the oscillator works (pin 6). 


2. Fit the following [Cs and jumpers: IC4 
(Z80B-CPU); ICs and IC9 (Z80 decoder 1 and 
Z80 decoder 2; GALs; order code 6111), ICig 
(bankswitching);JP1 to JPs at the ROM-select 
side. Set the memory configuration to ‘0’ by 
fitting the ‘con-0’ jumper in position ‘0’, and 
the ‘con-1’ jumper in position ‘0’ also. 


3. Fit ICi (EPROM ESS 6121, a type 27128), 
and the LCD. Before re-applying power, 
temporarily connect the cathode of Ds to 
ground, and set Pi to mid-travel. 


Suggested mounting of the infra-red receiver on a small piece of aluminium 


PRINTER CONNECTIONS | 


K9 cele tal 

1 4 

2 2 

3 3 

4 4 

5 5 

6 6 

7 rg il 

8 8 

9 9 

10 10 

11 11 

12 , 12 

13 13 

14 18-25 - 7 
Fig. 14. Printer cable connections. 


When power is applied, the 780 runs a 
RAM test. Since there is no RAM as yet, he 
result is negative, and the processor is 
switched to the ‘halt’ status, which is re- 
tained because no interrupts have been in- 
itialized as yet. Thus, if the card works 
correctly so far, the ‘halt’ LED must light. 

The LCD is not yet initializd, but will in- 
dicate an empty line and a black line when 
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Fig. 15. Centronics printer cable details. 


correctly connected. If nothing shows on the 
LCD, try to adjust the contrast by turning 
preset P1. [f this does not work, review the 
LCD connections. If you are using a back- 
lighted LCD, concentrate on the LED cur- 
rent. Measure the current consumption via 
the jumper marked ‘LCD’ — typical values 
are of the order of 120 mA to 150 mA, When 
current drive is used, the value of R21 must 
be determined by experiment. Fit jumper 
‘LCD’ if you wish to have the back light on 
permanently. 


4. FIt IC3 (a 43256 32-KByte RAM), IC7 
(Z80B-PIO), ICs (Z80B-CTC), jumper BZ, 
[Cio (MAX690), a jumper on pins 4 and 5 of 
Kia; IR receiver and/or keyboard. After ap- 
plying power, the ‘halt’ LED will not light 
permanently any more, which indicates that 
the upper addresses (O8000H to OFFFFH) in 
the RAM are ‘good’ (by the way, the RAM 
test is non-destructive, i.e., any data that was 
present before running the test remains in- 
tact and at the original location). 

When this part of the RAM test is success- 
fully completed, a copyright message is out- 
put to LCD, informing you that 32 KBytes of 
memory have been found. Also, a beep 
sounds to indicate that the 1/O has been in- 
itialised. Next, a second RAM test is run to 
check for the presence of RAM in parallel 
with the EPROM (10000H to 17FFFH). After 
this test, a memory overview is shown. [f no 
additional memory is found, the ‘halt’ LED 
lights briefly. Lf additional memory is found, 
a second beep sounds. The parallel RAM 


= 


BATTERY JUMPER CONNECTIONS | 


Pin number {K14) |1 2 3 r | 
| no battery : 4-5 
normal battery 3-4 | 
| Lithium battery 2-3 
| NiCd battery : 1-2 3-4 


Fig. 16. Battery options and jumper set- 
tings. 
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Fig. 17a. Component side track layout (mirror image). 
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Fig. 17b. Solder side track layout (mirror image). 
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MULTI-PURPOSE Z80 CARD as 


configuration is allowed in memory configu- 
rations 1,2 and 3 only. Since we have set con- 
figuration ‘0’ for the moment, no parallel 
RAM will be found, so that the RAM test will 
indicate 32 KByte, and only one beep 
sounds. 

At this point, the Z80 card is in a wait 
cycle, which is left when a key is pressed on 
the keyboard. Next, the screen is cleared, and 
the system is in the display and keyboard 
test procedure. 

The system tests the LC display as fol- 
lows. Characters typed on the keyboard are 
displayed in the top line of the LCD. Next, 
the character is read back from the LCD, and 
copied to the same position in line 2. When a 
line is full, it is cleared for a short period, 
which results in the display flashing on and 
off while all positions show the last typed 
character. In this way, the system tests the 
read and write functions of the display. 

When the ESC key is pressed, or the chan- 
nel ‘1’ key on the IR transmitter, the system 
switches to the next test routine. The system 
now responds to keyboard entries by beep- 
ing when a key is pressed, and displaying 
the character on the LCD. This test allows 
you to check that the keys work and produce 
the right codes. 


5. Fit 1Ci2 (COM81C17), and IC13 (MAX232). 
Before applying power, remove the wire be- 
tween the cathode of Ds and ground, and set 
Pi to mid-travel. The RS232 interface is 
tested by connecting it to itself: connect RxD 
to TxD, and CTS to RTS. This is readily done 
by fitting two jumpers on the 10-way box 
header: link pin 3 to 5, and pin 4 to pin 6. 

After powering up, readjust P1. Skip the 
first two tests by pressing the ESC key three 
times. In this way, you enter the RS232 test 
routine, which is basically the same as the 
LCD test. Typed characters are sent and re- 
ceived (‘echoed’) via the RS232 interface. If 
the jumpers are not fitted, you will only hear 
beeps, and no characters will appear on the 
LCD. 


6. Fit [C11 (AD7569), and connect a 100-kQ 
potentiometer and a multimeter to Ki, as 
shown in Fig. 18. 

After powering up, step through the test 
routines by pressing the ESC key until the A- 
D/D-A test routine is reached. The voltage 
reading on the multimeter must change pro- 
portionally as you turn the potentiometer. 
The voltage range is 0 V to 2.5 V when no 
jumper is fitted on pins 1 and 3. If the jumper 
is fitted, the range is 0 V to 1.25 V (in which 
case half of the travel of the potentiometer 
‘does nothing’). 


7. Fit [Cie (74HCT574) and [C17 (74HCT541). 
Press the ESC key as many times as necess- 
ary to arrive at the printer test routine. The 
message ‘Test printer Y/N‘ appears. If you 
type ‘Y’, the Z80 card transmits three lines of 
text to the printer. An error message is pro- 
duced when the printer is not connected. If 
everything is all right so far, the system 
prints the text shown in Fig. 19. When the 
system has finished printing the text, you are 


Fig. 17c. 
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Component mounting plan. 
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Fig. 18. ADC/DAC test circuit. 


returned to the start of the test routine. This 
allows you to run the test repeatedly, which 
is useful when errors are to be eliminated. 


8. Fit 1C14 and 1C15. Since the use of the exter- 
nal buses EXT1 and EXT is application-de- 
pendent, no provision is made to test them. 


That concludes the test procedure. Depend- 
ing on the application of the Z80 card, you 
may wish to fit it in an enclosure (as we did 
— see photographs), or build it into the en- 
closure of an existing application. In either 
case, flatcables are a good way to ensure a 
well-finished product (Fig. 20), that is, a neat 
looking unit without a wire mess inside. The 
flatcables may be left relatively long to en- 
able them to be folded and tucked under the 
PCB. Note, however, that IC socket pins can 
cause problems by piercing the insulation of 
the flatcable wires when the PCB is pressed 
too hard on the flatcable. These problems 
may be avoided by cutting the protruding 
parts of the IC socket pins with pliers. Even 
better, do this before soldering the pins: fit 
the IC socket, and secure it by soldering two 
diagonally located corner pins only. Next, 
cut the other pins to the minimum length. 
Soldering will then not present problems in 
any case because the PCB is through-plated. 


Practical use 


Having constructed the Z80 card, you are 
ready to concentrate on applications, Unless 
you have a fully working application pro- 
gram in EPROM, you will need an EPROM 
simulator and a Z80 assembler to be able to 
develop software. Suitable assemblers are, 
for instance, the X80 and X280 from 
2500 A.D. Software Inc., 109 Brookdale Ave, 
Box 480, Buena Vista, CO 81211, U.S.A. 

If you expect to exchange EPROMs fre- 
quently, it is worthwhile to invest in a ZIF 
socket. Do not solder this straight on to the 
board, but use two or three stacked, normal, 
sockets in between. This has the advantage 
of being able to unplug the ZIF socket later, 
and use it in another circuit (removing an IC 
socket from a double-sided board is fairly 
difficult). 

The description of the BIOS on the disk 
supplied for this project is sufficiently de- 
tailed to use the file, or parts of it, in your 
own source code. In many cases, the infor- 
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1 S-way 10kQ SIL array At 
12 10k9. 


/1. 27128 EPROM 


R2:R3;R4:R10; 
R11;R12;R14: 
R18-A20;R23;R24 
R5;R6;R9 
R7 

R8& 

R13 

R15 

RIG:R17 

R21 

R22 

PI 


Crce 
C3-C7 


C10-C13;C15-C27 


DS 
T4;T2;75 
T3: 

74 


ict 


.). OF 43256 RAM © 
(depends on.application) . 1C2 
1 43256 RAM ics 


Fig. 19. 


Fig. 20. Folded flatcables give a neat impression and add considerably to a ‘professional 


look’. 


234567890!@ 


Printer test text. 
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COMPONENTS LIST 


(280 decoder- mie 

1 16V8.GAL 

_ (280 decoder-2) ** 

- MAX690 IC10 
AD7569 ICt1 
-COM81C17 1C12 
MAX232 113 
74HCT245 IC14:1C15 
74HCTS74 C16 
74HCT541 C17 
7AHCTO4 cia 
T4HCT74 ici9 
7805 (C20:1C21 


_ “this EPROM is available ready-pro- 


grammed: order code ESS6121. 


*" these GALs are available as a ready 


grammed set: order code ESS6111, 


Miscellaneous: 
1 6-way PCB-mount 
DIN socket (240°) 


1. 2-way PCB terminal block; 


~ pitch Smm 
_ 10-way boxheader 
14-way boxheader 


| 20-way boxheader 
-16-way boxheader 
Sway PCB mount DIN 
socket (180°) 
1 50-way boxheader 
5-way SIL pin header 


wee. 
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PCB-mount push-button, 
3-¥V lithium battery with 
connectiing wires, e.g., 
Varta CR 1/2 AA 950 mAh 
(no. 6127), or Varta CR 1/4 AA 
360 mAh (no. 6147) Battt 
Quartz crystal 5.0688 MHz. X1 
Active buzzer 5V -Bzi 
50-pin strip for fomiiaes . 
5 Jumper 
Heat-sink for C20 and IG21,. 
e.g. SK59/37.5 SA 
LCD 2x40 characters with 
back light (e.g; Hitachi LMO92LN) 
_ Enclosure, @.g., Retex RE.4 
1 10-way IDC socket (AS232) . 
9-way female sub-D flatcable 
connector (RS232) . ; 
9-way male sub-D flatcable 
connector (RS232) 
16-way IDC plug (LCD) 
16-way IDC socket (LCD) 
25-way sub-D socket for panel 
mounting (PRN) - ; 
2 .14-way IDC socket (PRN'and Remote) 
1 14-way IDC plug (Remote) 
1. Printed circuit board ~ 
1 Diskette 
Approx. 2.5m (8 ft.) flateable with 30 wires 
min. 


Options: 

1 RC-5 infra-red receiver (Ref: 
4. Infra-red transmitter Posen 
1: PC-XT keyboard peas 
1... mains adapter 9-15V @ 1a 


Fig. 21. 
access to sockets K1 and K12, and preset P1 


Holes in the side panel give ready 


mation contained on the disk, together with 
the variables and the associated addresses 
set up by the BIOS, will prove extremely use- 
ful to write a program quickly and effi- 
ciently, 

Talking of future applications, the pres- 
ent Z80 card will form the ‘brains’ of an ad- 
vanced photographic slide control system to 
be described ina forthcoming issue of Elektor 
Electronics. The system, called DiAV (for 
Digital Audio/Visual), is capable of control- 
ling up to 16 slide projectors. Note that the 
GALs ‘arid the EPROM téqiired for the 
DiAV controller are not the same as the ones 
used here, and order codes will be published 
in due course. The DiAV requires a 32-KByte 
RAM (43256) to be fitted on the Z80 card. 


ANALYSER III — A REVIEW 


NALOGUE circuit design 

is traditionally difficult be- 
cause all designs have to be 
tested to confirm that they work 
as desired. Even more difficult 
is the ability to conduct the 
sheer infinite number of tests 
over the full frequency spec- 
trum that the design is intended 
to work over, Furthermore, the 
time spent on building bread- 
boarded prototypes to conduct 
the tests on is pretty expensive 
in most cases. One way to cut on 
development costs is to use a 
computer simulation of the de- 
sign, and analyse its perform- 
ance in theory before anything 
is built. Fortunately, computer 
programs to do this have de- 
scended from ‘higher spheres’ 
to a level where one encounters 
the intrepid hobbyist. 

Analyser TIF is a fast, ad- 
vanced and easy to use Linear 
Analogue Circuit Analysis pro- 
gram. The package allows elec- 
tronic designs to be tested 
without soldering a single component and, 
often more important, without the need for 
expensive test equipment. The circuit de- 
sign can be tested on a PC and modifica- 
tions made until the circuit functions as 
required all without using a soldering iron 
in anger, or blowing up any expensive de- 
vices. 

The system is ideal for the analysis of 
filters, amplifiers, cross-over networks, 
wideband amplifiers, aerial matching net- 
works, radio and TY IF amplifiers, chro- 
minance filters, linear integrated circuits, 
etc. Analyser III also has advantages over 
physical test equipment in that it allows 
analysis over a frequency range from 
0.001 Hz to 999 GHz, showing gain, 
phase, group delay, and input and output 
impedances. 


ANALYSER III 


Analyser II] is a linear analogue circuit 
analyser program that runs on 
PC/XT/AT/286/386/ or 486 computers 
running under MS-DOS 3.0 or later (also 
DR-DOS 5 and 6) and with either EGA or 
VGA graphics, preferably colour. The 
minimum RAM requirement is 
512 Kbytes, and the software is supplied 
on both 5.25" and 3.5" format floppy disks. 

Like almost any circuit analysis pro- 
gram, Analyser II keeps a high proportion 
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only based machine, Analyser IL will be 
very sluggish. 

The program also supports the use of a 
mouse, although the software is easy to usc 
via the keyboard, and a choice of either 9 
or 24-pin dot-matrix printers or HP Laser- 
jet II printers. 


The user manual 


The comprehensive user manual is pack- 
aged in an A5 ring binder, which allows the 
easy insertion of upgrade instructions, per- 
sonal notes, etc., and follows the well es- 
tablished pattern of Number One Systems’ 
program documentation (see photograph). 
The first few pages of the manual deal with 
an overview of Analyser III, the installa- 
tion and running of the program. 

The next section in the manual is called 
‘First Impressions’ and gives an outline of 
the screen presentations and some of the 
basic commands used to manipulate these 
screens and move around in them. Once the 
user is familiar with these basic com- 
mands, it’s on to the next section, ‘The 
Grand Tour’. 

“The Grand Tour’ comprises the greater 
part of the user manual and takes the user 
through a step-by-step simulation; from 
entering the initial design netlist to the 
final proven circuit. To assist with the in- 
struction, a predesigned simple passive 


“of its temporary data on disk during oper- 
ation. Consequently, when using a floppy 


composed. 

A netlist is a file of connec- 
tions between the various com- 
ponents within the circuit, their . 
values and any other associated | 
parameters, such as small-signal . 
gain (fife) or transition frequency 
(ft), for example, for a bipolar 
transistor. The libraries supplied 
within Analyser II contain 
ready-made netlist outlines for 
many basic circuit structures and 
various popular bipolar and FET 
transistors, opamps, etc. 

After the comprehensive 
chapter dealing with netlist edi- 
ting and production, the next sec- 
tion in the manual tackles the 
actual operation of the analyser. 
To begin with, you need to select 
the input and output connections. 
Next, Analyser III calculates and 
displays the frequency and phase 
response curves of the circuit. In- 
itially, the display defaults to a 
frequency range of | kHz to 
| MHz, but this range, and any 
other of the display parameters, 
can be changed simply by a few clicks of 
the mouse button or keyboard presses, 
which are explained in detail in the next 
section of the manual. 

The ‘Grand Tour’ then continues with 
the various different displayed parameters 
available, such as group delay, vector se- 
lection, scaling the various plots, including 
offsets in the analysis, using the display 
grids and tabulating the results, 

The remaining sections of the user ma- 
nual deal with printing out the plots, con- 
verting circuits to single components for 
inclusion in more complex circuits (e.g., 
using the notch filter in the feedback loop 
of an amplifier) and adding them as library 
entries, using the libraries, customising 
Analyser II to your exact requirements, 
using the DOS browser and, finally, a list 
of the built-in library component entries is 
given. 


The analyser 


Once a circuit netlist has been created and 
the input, output and ground connections 
established, Analyser II] simulates the cir- 
cuit operation and displays on the screen a 
plot of the frequency and phase versus gain 
such as one would see displayed on a cir- 
cuit analyser or spectrum analyser, but 
only after the circuit had been built. 
The ‘tilde’ key (~) will trigger a prin- 
: including any 
menus, etc.) in ‘extra’ dot-matrix, Laserjet 
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; 


i 
F 


Libraries — 
Begin: 1 G00 Hz 


Configuration 
Fi le: NOTCH NET 
Gain ¢ dh» 
41.000. 


o fe ie, 
gs 


End: 1.000 HHz 
NOTCH 


~1 000 4 
-2.000 | 
<3.000 4 
-4.000 4 
-5.000 | 
-6.000 ae 
-7 a00 : 
8.000 + 
-8 a00 4 
-10.0004 
-14.000 4 
-13 000 + 


Configuration 
File: ANP NET 
Gain (dB) 


Fitelp Quit 
Steps: 20 X~-Scale Log 
Phase ¢*> 


Begin 1. 


a0 000 
30 oDO 


20.000 


10.000 


Libraries 
000 Hz 
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DOS 

End: 4.000 MHz X-Scale'Log 
Phase (*> Delay 
100. 000—20 nS 
30.000 (49 ns 

* 80.000 } 18 ms 
7O.000 }47 nS 
60.000 | 16 ns 
50 000 15 mS 
4g .o00 
30.000 
20.000 
10.000 


14 ns 
13 WS 
1? mi 
11 ms 
Pid nx 
9.0 ni 
8.0 nS 
7.0 wi 
6.0 5 
*S a ns | 
4.0 ws 
3.0 se 
2.0 mS 
1.0 ms 
Mo 


-13.000 + T ay Sey r 
4 10 100 10K 


Plot: Gain Vector. Nag/Aangle Group Auto 


or GEM format, as defined in the Configu- 
ration menu. 

The display screen is divided into three 
main areas. The top of the screen contains 
the main menu, showing Analyser III's 
top-level commands, with the currently ac- 
tive mode highlighted. The program de- 
faults to the analyser mode on start-up. The 
other modes are: 


Configuration | Customises Analyser II] 

Libraries Maintains Component 
libraries 

!IDOS Manipulates Files and 
Directories 

Fl Help (on-line help 
information) 

Quit Leave Analyser III 


Also shown in the menu area are the file 
name of the circuit currently being ana- 
lysed, the frequency limits of the analysis, 
the number of steps in the analysis and 
whether the scales are logarithmic or li- 
near, 


Configuration: 

This command selects a set of menus 
which allow the default parameters for 
Analyser IH] to be set according to the 
user’s choice. The default search paths for 
files, the time and date format, etc., can all 
be preset by the user, and the configuration 
saved. 


Libraries: 
The library command allows the various li- 
braries to be scanned and manipulated. 


!DOS: 

Selecting this command displays a menu of 
basic DOS commands which are available 
for use without leaving Analyser III. Also 
selectable is a DOS Shell, which allows 
you to exit Analyser IH to the DOS 
prompt, but without losing any data cur- 
rently held in Analyser III. Quitting the 
DOS Shell returns you to Analyser III, 
exactly where you left it. 


Fl (HELP) and QUIT are self-explana- 
tory. 
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Rel to'O0 dB 


Y-icale dB 


gz0084- 11 


The main area of the screen is devoted to 
the analyser display with the moveable 
cursor, 

At the bottom of the screen is a sub- 
menu of control commands for the differ- 
ent plots, a display of the relative level of 
the plot and the scaling factor for the Y 
axis. 

With Analyser III the only limitation to 
the frequency range of the analysis is that 
it lies within the limits 0.001 Hz to 
999 GHz! In other words, just about any 
circuit that you care to analyse can be ac- 
commodated within Analyser III’s capa- 
bilitics. Having spent most of my working 
life in electronic test laboratories, I think I 
can safely say that I do not know of any cir- 
cuit or spectrum analysis equipment that 
will directly look at frequencies much 
above 100 GHz, let alone 999 GHz! The 
usual way to perform such tests is to down- 
convert the final signal before conven- 
tional display analysis, and that system has 
all sorts of inherent inaccuracies present. 
Also, it would have to be ‘normalised’ to 
eliminate the effects that the down-conver- 
sion has on the display. Finally, the circuit 
has to be prototyped and built before such 
analysis can take place. 


The libraries 


As I mentioned earlier, there are inbuilt li- 
braries in Analyser II], which make the 
creating of netlists much quicker. The li- 
braries are: 


1. PRIM.ALB: a library of all the basic de- 
vice models. 


2. DEVICE.ALB: this library contains a 
selection of ‘real’ device models. All the 
components in this library are made up 
from the primitive elements in the 
PRIM.ALB library with the appropriate 
parameters set. As there are many thou- 
sands of different devices, and every en- 
gineer has his/her particular favourites, this 
library is really intended as a set of 
examples to help the user create his/her 
own personal set of libraries. 

After building up netlists for a circuit, 
and subsequently naming the component 


10 100 
Plot*Gain Vector: Maa/Anglie Group 


1k 10K 100K 
futo Rel .to.0 dB ¥-Scale' dB 


920084 - 12 


type being used, Analyser III responds by 
reading the pin and parameter information 
from the library for the device. All you 
have to do is enter the various connection 
details. 

Circuit blocks previously designed and 
tested can be added to the libraries, which 
is very useful if you require a particular cir- 
cuit, or part of a circuit, more than once. 


Conclusions 


After having familiarised myself a little 
with the concept of a netlist, [ successfully 
created the one for the example circuit. 
Following the instructions I then con- 
nected my inputs and outputs, and Ana- 
lyser II] analysed the circuit and presented 
the plots on the screen, 

It soon become evident to me that the 
facilities available are quite extensive. 
Using conventional circuit and spectrum 
analysers often as I do, | can imagine that 
in a development environment Analyser III 
would be far more ideal. The fact that a de- 
sign circuit does not actually have to be 
built would be one great advantage. That, 
coupled with the ability of Analyser IIT to 
analyse the circuit over as wide a fre- 
quency spectrum as you like, plus the 
ability to change devices in the circuit for 
re-analysis, could prove a great boon to cir- 
cuit designers. 

I can heartily recommend Analyser IT to 
anyone engaged in linear circuit design and 
itcsting work, This software enables a de- 
signer to test a circuit ideally up to the pro- 
duction stage, without even raising a 
soldering iron in anger and committing any 
devices to the breadboard, or dustbin! 


I wish to thank Mr. Espin and the staff of 
Number One Systems Limited for their 
help and advice, and for the review soft- 
ware. 


ANALYSER III is priced at £195.00 + 
p&p + VAT and is available from: Number 
One Systems, Harding Way, St. Ives, 
Huntingdon, Cambs PE17 4WR, England. 
Telephone: (0480) 61778. Fax: (0480) 
494042, 
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PART 4: FLAGS, BIT ADDRESSING, PSW, CONDITIONAL 
JUMPS, LOGIC OPERATORS 


By Dr. M. Ohsmann 


In this instalment of the course we will 
deepen our knowledge of the 8051 instruc- 
tion set, and also get to grips with the con- 
cept of bit addressing. The new 
instructions allow programs to be written 
with ‘real world’ applications such as the 
control of a small servo motor in a model 
boat, and outputting an analogue voltage. 
Both applications make use of the hard- 
ware extensions described in last month's 
instalment. 


Flags and bit addressing 


Itis often required for a program to wait for 
a certain signal to change state, which is 
called a condition. Such a conditional sig- 
nal may be supplied by an external source, 
for instance, the output of a comparator, 
which is connected to an input port line. It 
may, however, also be internal, i.e., a bit or 
a flag, for instance, bit 3 in the accumulator 
(written as ACC.3). The 8051 family of 
microcontrollers offer a number of instruc- 
tions for bit addressing and logic bit man- 
ipulation (for instance, an OR function) 
that allow bit states (0 or 1) to be evaluated 
ina simple way. 

The microcontrollers in the 8051 series 
can address 256 bits in the range OOOH to 
QOFFH. As with direct addressing, the func- 
tion of the addresses smaller than or equal 
to 127 is different from those greater than 
127. The addresses from 0 up to and in- 
cluding 127 are used to address bits in the 
internal RAM. Bit address 0 corresponds 
to bit 0 of the byte at address 20H in the in- 
ternal RAM. Likewise, bit address 127 
corresponds to bit 7 of the byte at address 
2FH in the internal RAM. Hence, the 
16 bytes 20H to 2FH of the internal RAM 
store bits 0 to 127 (see Fig. 5 in part 1 of 
the course). 

Bit addresses 128 to 255 enable bits in 
the special function registers (SFRs) to be 
addressed. The effective bit address is the 
sum of the SFR address and the bit number 
to be addressed. Thus, bit address OE3H is 
used to address bit 3 in the accumulator 
(SFR OEOH). The assembler used during 
this course does all the adding automat- 
ically if you use the so-called point nota- 


Bits (flags) in program status word (PS) 


PSwW. 
PSW. 
PSW. 
PSW. 
PSW. 
PSW. 
PSR. 
P PSW.0 


as 6 
AC 
ro 


Carry Flag 
Auxiliary Carry 
FLAGO 

Reg. bank select 1 
Reg. bank select 0: 


© carry 
> aux, 


Overflow 


PNW Einnm ~~) 


Parity 


Register pank selection 


Fig. 13. 


tion, which means thal a point is inserted 

between the SFR and the bit number. For 

example: 

JB  ACC.3,THERE ;jump to THERE 
when Accu bit 3 
is set 


( 


flag for BOD applications 

: available for general applications 
: selects register bank; bit RS1 
selects register bank; bit R50 

: overflow flag 

: available for general applications 
} Parity in accumulator 


RS1 RSO Register bank Addresses in internal RAM 
9 9 0 OOH - O7H 
te) 1 1 08H - OFH 
1 0 Zz 19H - 17H 
1 1 f 18H - 1FH 
910109-4-11 


cverflow) flag, bit accumulator ¢ 


Le ee es 


Function of the flags contained in the PSW (program status word). 


Note, however, that this requires an EQU 
statement for the accumulator SFR address 
to be assigned to constant ‘ACC’. 

Only those SFRs whose address ends 
with three *0" bits are bit addressable; these 
are the SFRs marked with an asterisk (*) in 
Fig. 8 (see part 2). 


Instructions that change flags 


MNENOMIC C OV AC 
ADD 

ADDC 

SUBB 

MUL 

DIV 

DA 

RRC 

RLC 

SETB C 

CLR C 

cPL ¢ 

ANL C,bit 

ANL C,/bit 
ORL C,bit 

ORL C,/bit 
MOV C,bit 

CNJE 


x 
x 
x 


see MM RR ORK MM OOM mM 


flag changed 

flag set 

flag reset 

inverted bit combined 


Note: 


Fig. 14. 


flags also changed by writing to SFR address ODOH. 
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Overview of MCS51 instructions that change the flags in the PSW. 
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Program status word (PSW) 


The programs status word, PSW, is stored 
at SFR address QDOH in the 8051. The 
PSW contains bits (flags) that indicate, for 
instance, whether or not a carry has ocurred 
as a result of a subtraction. This informa- 
tion Is stored in bit 7, and can be accessed 
via bit address PSW.7. This bit, which is 
also called the C-Flag, can be addressed via 
many bit manipulation instructions. Since 
it contains the result of logic bit combina- 
tion operations (OR, AND and NOT), the 
C-flag thus forms a kind of one-bit accu- 
mulator for bit manipulation. 

The parity bit, PSW.O, is set when the 
accumulator contains an odd number of 
ones. The flags OV (PSW.2) and AC 
(PSW.6) have checking functions when 
signed numbers (e.g., BCD numbers) are 
used. Bits 3 and 4 in the PSW allow the 
programmer to determine which register 
bank is addressed. Since only bank 0 is 
used during this course, these bits should 
not be changed. Bits | and 5 are free for 
general use and may be set and interro- 
gated as required. 

Figure 13 shows an overview of the bit 
functions and identifications, and Fig. 14 a 
list of instructions that change the flags in 
the PSW. 


Conditional jumps 


Conditional jump instructions are used to 
perform certain functions in a program, de- 
pending on the state of certain external sig- 
nals or occurrences. The conditional jump 
is made when the relevant condition set up 
by the instruction is fulfilled. If the condi- 
tion is not fulfilled, the program simply 
continues with the next instruction, Practi- 
cal examples of the use of conditional 
jumps may be found in XAMPLE06.A51 
and XAMPLEO7.A51 on your course disk. 
The respective list files are given in 
Figs. 20 and 21. The microcontrollers in 
the MCS-S1 series offer the following con- 
ditional jump instructions: 


JZ addr Jump to addr if 
accu=(0) 
JC addr sJump to addr if 


carry flag (PS W.7) 
is set 

jump to addr if bit 
at bit address ts 1 
vas JB, but clear bit 


JB bit,addr 
JBC bit,addr 


The first three of these instructions are also 
available in the form of a negative condi- 
tion, marked by a preceding *N’. 
Conditional jumps are ‘short’ jumps, 
ic., they can be used for an address dif- 
ference within the range +127 to —128 
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JOIN THE COURSE! 


What you need to follow this course: 


* a 8032/8052AH-BASIC single 
board computer as described in 
Elektor Electronics May 1991. 
The preferred CPU is.a 8051 or 
80C32. Alternatively, any other 
MCS52-based microcontroller 
system (but read part 1 of the 
course); 


a course diskette (IBM: order 
code ESS 1661; Atari: order 
code ESS 1681) containing 


programming examples, hex file 
conversion utilities, and an 
assembler; 


a monitor EPROM (order code 
ESS 6091); 


an IBM PC or compatible 
operating under MS-DOS, or an 
Atari ST with a monochrome 
display. 


Appeared so far: 

Part 1: Introduction (February 1992) 

Part 2: First 8051 instructions (March 
1992) 

Part 3; Hardware extensions for 
80C32 SBC (April 1992) 


(refer back to ‘SJMP’ in part 2). Because 
of this, it may be necessary to conditionally 
jump to a ‘long jump’ instruction, 


Compare instruction 


The ‘compare’ instruction of the 8051 
takes the form of a conditional jump: 


CNJEop!,op2,address ;jump to address if 
op! is not equal 
to op2 


The operands that may be used are given in 
the instruction set overview. This instruc- 
tion is particularly useful to direct the pro- 
gram flow depending on whether a certain 


register contains a predetermined value. 


Count instruction DJNZ 


Wherever program loops are used, and the 
number of iterations is between | and 255, 
the command 


DJNZRn,rel 


may be used. The DJNZ instruction first 
decreases the contents of the indicated reg- 
ister by one, Next, a check is made to see if 
the register content is nought. If not, the 
program continues with the instruction at 
the indicated jump address, ‘rel’; else, the 
next instruction is fetched. As shown in the 
instruction set overview, it is possible to 
use a directly addressable byte instead of a 
register. 

For a practical example of the use of the 
DJNZ instruction, refer to XAMPLE06 on 
your course disk. This illustrates how a 
time delay is created. First, a register is 
loaded with a value that indicates the 
length of the delay. Next, a few ‘idle’ com- 
mands are executed before the loop is 
started again with the DJNZ instruction, 
The value loaded into register RI deter- 
mines how many times the loop from 
line 29 to line 33 is repeated. Since each of 
the instructions inside the loop takes 10 Ls 
to complete (see the “T’ column in the .LST 
file), the loop “WAIT” creates a delay of 
about 10 times RI microseconds. Not 
exactly ORI js, because time taken by the 
ACALL, RET, CLR and SETB instruc- 
tions should be added. These increase the 
actual pulse length by about 5 us. 


Logic combinations 


The MCS-51 microcontrollers offer the 
following instructions to perform logic 
combinations: OR, AND and XR (exclu- 
sive OR). The logic combination com- 
prises all bits of both operands. They are: 
ANL target.source starget replaced by 
(target AND 
source) 

;target replaced by 
(target OR source) 
starget replaced by 
(target XOR 
source) 


ORL target.source 


XRL target,source 


Again, the possible operands (source and 
target) are taken from the instruction set 
overview, Assuming, for instance, that the 
accumulator contains the value 


10010111B = 97H = 151, 


and register RO the value 


EEE 
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11] 10010B = F2H = 242, 


the logic operators give the following re- 
sults: 


ate pulses to contro] a servo motor that 
operates the rudder in a remotely control- 
led model boat. Fig. 15 shows the timing of 
the pulses involved. As you can see, it is re- 
quired that the program generates ‘short’ 


pulses of 800 Us when push-button *A’ is 
pressed, and ‘long’ pulses of 1600 Us when 
push-button “B’ is pressed. These pulse 
lengths result in the rudder being turned to 
the left and the right respectively. To keep 


the rudder fixed in the centre position (i.e., 
to make the boat sail straight on), the pro- 


Instruction ANLA,RO ORL A,RO — XRLA,RO gram generates pulses with a length of 
1200 us. The pulses are separated by 10- 
A before: 10010111 10010111 10010111 ms long pauses. 
RO before: 11110010 11110010 11110010 For this example application we make 
use of the hardware extensions described 
A afterwards: 40010010 1111014114 01100101 in last month's instalment. Push-buttons 
‘A’ and *B’ are realized with the aid of 
The ANL instruction may be used, for in- 
stance, to reset (clear) certain bits ina byte, 
without changing the others. Likewise, the ay 8 prenwee Beg FUnreaned 
ORL instruction is used to set certain bits. 1200ps 1600ps s00ys 
The setting or resetting of certain bits ina —> 4 > —s +— a aes 
byte is called masking. This technique is 
used, for example, to check if one of the 
bits 0, | 2, or 7 in the accumulator is set, as ; j ti ae 
shown in the programming example mid - way bare eules dhiant ules 
ANL A.#10000111 — :mask bits 7, 2, | = 
and 0) 
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JNZ set :A not 0 when one 


of these bits is set 


Fig. 15. Pulses used to control a small servo motor. 


The operation of the related instructions 


CLR A 
CPL A 


sclear accumulator 
sinvert bits in ac- 


cumulator PORT Pi 


speaks for itself, 


Bit manipulation instructions 


The bit manipulation instructions 


- ———- P10=0 
J lite P1.0=1 


CLR bit-operand 
SETB bit-operand 
CPL  bit-operand 
ANL C,bit-operand 


sclear bit 

:set bit 

‘invert bit 

:C replaced by 

(C AND bit) 

:C replaced by 

(C OR bit) 

sbit replaced by C 
:C replaced by bit 


databus 


ORL C,bit-operand 


MOV bit.operand,C 
MOV C,bit-operand 


allow single-bit manipulations to be car- 
ried out on bytes. Their usage is similar to 
that of the logic manipulations. The C-bit 
(bit 7 in the PSW) is used as a result regis- 
ter. The bit manipulations are often used to 
set or reset single bits, for instance, of an 
output port, without affecting the state of 
the others. 


80C32 SBC extension board 


910109-4- 14 


Testing a servo motor 


The function of the program given in the 
assembly file XAMPLO6.A51 is to gener- 


Fig. 16. Signal flow in the pulse generator. 
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Set por! P1 
to 
WWI 


NEW ————————————— 
Keys status 
lo LEDs 
no 
? 


Key B 
pressed 


normal no 


selP1.0 
tod 


wail lor 
and of pulse 


SetP1.0 
1o1 


pulse ends 


10109-4-15 


Fig. 17. 


Flow diagram of the pulse gener- 
ator program. 


switches $2 and S3 respectively. The status 
of these keys can be interrogated via ad- 
dress OCOOOH (access to memory mapped 
I/O in external RAM). The pulses are to be 
output via pin 4 of the MIDI socket, K5. 
This requires jumper JP3 to be set to posi- 
tion *B’, Because of inverter [C4c on the 
extension board, a “O° sent to port P1.0 re- 
sults in a “high” level at socket K5. The 
simplified system diagram is shown in 
Fig. 16, and the flow diagram of the control 
program in Fig. 17. The listing of the actual 
assembly-language control program is 
given in Fig. 20. 

After the initialisation of port PI, the 
program enters a endless loop at label 
‘NEW’. First, the status of the keys is read 
and indicated on the LEDs connected to 
port P!, The ORL instruction in line 14 en- 
sures that the pulse output bit, P1.O, re- 
mains ‘one’, Lines 16 and 17 illustrate the 
use of the conditional jump instructions 
discussed above. Here, the JNB instruction 
is used in combination with bit-addressing 
of the accumulator to determine the status 
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of the push-buttons. If push-button *A’ is 
pressed, bit 7 in the accumulator has a ‘0’, 
which sets up a condition evaluated by 
line 16. 

Depending on which push-button is 
pressed, the value written into register R] 
indicates the length of the individual pulse. 
In line 23, the output bit, P1.0, is set to ‘0’. 
This causes the MIDI output to go high 
(positive), and the pulse starts. 

The subroutine ‘WAIT™ called in 
line 24 provides the delay that determines 
the pulse length. When the required time 
has elapsed, the pulse is ended with the aid 
of the instruction in line 25. The previously 
discussed bit manipulation instructions are 
used to set and reset the output bits. 

Next, a pause of about 10 ms is created 
by calling subroutine ‘PAUSE’. When the 
pause has elapsed. the program jumps to 
*“NEW’, and starts again. 


databus 


WRITE 
OCO00H 


Fig. 18. 


R-2R network 
forms D-A converter 


Comparator 


The two timing loops in the program 
(one for the ‘mark’ time and one for the 
‘space’ time) are Implemented with the aid 
of the DJNZ instruction. 

If you do not have a servo, it is, of 
course, possible to test the program by con- 
necting pin 4 of K5 to an oscilloscope. A 
small modification will enable the program 
to be used as a simple sound generator. All 
that is required is to change line 36 into 


MOV R2,#1 


and change bit P1.0 into bit PI.1 in lines 23 
and 25, This causes the loudspeaker (con- 
nected to Pl.1) to produce a sound of 
which the frequency depends on the push- 
button pressed. 

It goes without saying that the above 
changes to the program can be taken fur- 
ther by those of you who want to generate 


Analogue 
output 


Buffer 


Analogue 
input 


ome 
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Basic connection of the D-A converter to the 80C32 single-board computer. 


Fig. 19. 
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send 
D-A value 
fo DAC 


Comparator 
outputs 
on LEDs 


Key A 
pressed? 
yes 


can not 
be decreased 


Key B 
pressed? 


D-A value increase 
=0? D-A value 
no 
D-A value 
=F 
decrease ' > 
D-A value D-A value = 255 


Flow diagram of the D-A converter output routine. 


overflow! 


910109-4-17 


signals with a specific pulse length or pulse 
order. The first step towards a program- 
mable pulse generator has been taken. 


Counting 


The following instructions are available to 
count within the range of one byte, Le., 
from 0 to 255: 


INC Byte-operand — ;increment byte 


by | 

DEC Byte-operand — ;decrease byte 
by | 

INC DPTR sIncrease 16-bit 
DPTR by | 


As usual, the byte-operands that may be 
used are given in the instruction set over- 
view in part 2. The INC and DEC instruc- 
tions do not change any of the flags, 
including the carry flag. Increasing the 
value 255 results in 0, and decreasing 0 re- 
sults in 255. A simple application of the 
DEC and INC instructions may be found in 
XAMPLO7. 

The INC DPTR instruction Is often used 
to implement successive addressing of 
tables in the program or data memory. 


Testing the D-A converter 


Fig. 18 shows the functional diagram of 
the digital-to-analogue (D-A) converter on 
the extension board. The output voltage of 
the R-2R ladder network is buffered at the 
analogue output, and also fed to the —input 
of three comparators (the diagram shows 
only one of these). This set-up allows the 


Below: One of our readers, Mr. W. Otten of 
Germany, sent us this photograph of his 
remote-controlled model truck ‘loaded’ with 
an 80C32 SBC, batteries and a number of 
home-made extension cards. 
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tdbeas LISTING of BASMS] {XAMPLEDE) ****4** 
LINK LOC OB] Tr SOURCE 
1 gogo ; twee ke PELE XAMPLECS ASL Att ttt h en awh baw haba h week rerese 
2 0000 i 
3 0000 ACCT EQu OEQH + SER address of accumulator 
4 oco0 Pl FOU 040K : SFR PORT] address = 090H 
5 og00 KEYS EQu Acoody4 ; keys address in external data MEM 
6 0900 short EQU aC : short puise 809 mi 
7 0900 normal EQU 120 7 normal pulse + 
8 coca Lang EQU 160 : long pulse 1600 micrasec, 
$ cosa 8 
1d go000 ORG 41008 3 Prageam ta sun trom 4106H 
11 4100 #5 90 FF [2] START MON Pl,#111111118 =; ald port 
12 4103 99 CO 00 [@] NEW MOV DPTR, #KEYS ; keys address 
13 4106 EO way MOVX A,aDPTR + read keys (bits 4,5,6,73 
t4 4107 44 OF [alg ORL A,#09001i1°B8 3 sel wits 0,1,2,3 te 1 
25 4109 F5 90 {li Mov PI,A + LEDs carrespond to keys, F],0-1 
16 4108 30 kb? OF [2 JNB ACC.7,KE¥a : key & = short pulse 
17 410B 90 £6 O48 [2 JNB A : key B = leng pulse 
li 4071 79 Fe I mov Ri, #normal : oo key, normal pulse 
19 4113 40 06 2 SIMP PULSE ? do pulse 
20 4115 79 59 1) KEY MOV Rl, #shert i different length 
2. 4117 80 o2 2 SUMP PULSE 
7a AO =) SEE Moy RL, #long ( ditterent length 
c2 90 i) PULSE CLE P1l.9 7 PL.O goes low, MIDI gocs high 
SL th = ACALL WAIT 7 wail Fer pulse lengih {Rl: 
y G2 30 a SETB P1.0 >; end pulse 
$1 30 a ACALL PAUSE 7; 13 millisetends pause 
#7 bE 2] SMP NEW jo and ancrner round 
AP EO ‘2) WAIT Mov 7, ACT - Suoroutine Hl410 micxcoses 
Ar BO i2i MOV a7, ace a 2 he ao. Gast 
AF EG {2j MOV R?, ACC ¢ get timing right 
AF EG (2 MOV A7, ACC 
Do FG (2 BIN2 R1,WAIT : 
2 [? RET ‘ 
‘AOR tes R2,416 : 10 milliseconds 
79 64 heal KL, ald : equals 16*100*10 micraseecnis 
Se He [dé WAIT 
DA OWA [2 R2,PAQSR1 
2 [F 
BNL) 
* SYMBOLTABLE (14 wenibolay #74 tere wn 
ACS ;QUB0 PL 20999 KEYS :COJ0 shert 29050 
neemal :O978f feng ;O0AI START :4136 WEW 74°93 
KE¥a :4)15 3 24113 PULSE :431R WAIT ;4.245 
PAUSE :4154 PAUSE 34132 
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Fig. 20. This program, contained on your diskette as XAMPLE06.A51, generates pulses for 
the control of a small servo motor. 


asthee LISTING OF EASMS] (XAMPLEO detached 
INE LOG OBS ab SOURCE 
1 ococ 7 tek he PT LS KAMPLEO? ASL whe h tw hehehe whe ham h ehh Rhee Khe keh mhenae 
2 09006 2 
300000 acc EOU JEOH ; SER address of accumulator 
4 0900 Pl BG 99H : SPR PORT Address = 690H 
5 0000 KEYS EQu OC000H + keys address in external data MEM, 
6 0009 DA_ADDR EQU acdooH + DA-converter address 
7 9909 a 
4 0000 ; RAM ¢ RAM definitions 
9 0000 DA VALU EQU O50H (+ reserve 1 byte at address 50H 
19 9000 5 ; i.e. above loc. occupied by EMONSL 
ll ob0G ORG 4100H ¢ program to run trom 4160H 
12 4100 75 50 80 (2| START MOV DA VALU, #128 
13 4103 NEW EQu is 
14 4103 96 co O06 [2] MoV DPTR, #OA_ADDR ; address of DA-converter 
15 4106 £5 50 [1 Moy &.DA_VALU ¢ get current value into accu 
16 41908 FO {2 MOvVX DPTR,A ¢ send ta BA-converter 
17 4169 90 CO 05 [2 MoV OPTR, #5 ¢ wait 5 miillisecs 
16 4100 3. 32 i2) ACALL TIME 
14 41CF 90 CO OO [2 MoV DETR, #KEYS 
20 4211 EC 12] MOVX A, @DPTR + get comparators into bits 0,1,2 
2% [1 SWAP A ¢ swap bits 0-3 wilh bits 4-7? 
fi) MoV PL,A f send ta J! 
f2; MOVX A,@DPTR ¢ get key stat 
PJs [21 JNA Boot + key A pre a 2 
b O08 To JNB é B e 
ta SJIMP NEW : na key pressed, cun again 
Li] KEY¥a Ov 4, OA VALI : value must be loweren 
[2 NEW iomay be nought, then da neching 
wd A : lower 
(eRe Ce VALU,A ! and store new value inta internal KAI 
le New 7 Start again 
[2] Erb &, GA VALU 3; fetch value from internal HAM 
I A - increase 
[2 Is Ox ' oxay when nor 9 
[1 A, #255 ¢ otherwise itt was and is 2b4h 
[lL] 18_ck Mov TA VALU,A } store new value 
\4 SUMP NEW ; and again 
i MONITOR INTERFACE # Bie WSL. 4 
ecLTTME BCU G21 y MONITCA command, DPTR mill-secs delay 
COMMANG EGU QaA0H ? MONTTCR command me; y¥ lacation 
MON eouU O209H ; MONITOR junp adcktire 
! 1 as COMMAND, #2:LTIMi 
44 4135 32 G2 Of 2° MON 
45 41348 
THWRAAAAWA SYMBOLTABLE (14 Synitiols) +*+4+¢e4e4 
act :00RQ Pl :099¢ KEYS :cocO DA ADDE ;COOt 
DALVALU 70050 START ;4109 NEW 24193 “KEYa = 
KeYb :;4127 1& OK :412E coLTIME :9021 COMMAND :9030 
Men 20206 IME 14132 
9101094-19 


Fig. 21. List file of XAMPLEO7, a program that turns the 80C32 SBC into a programmable 
voltage source. 
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output voltage of the DAC to be compared 
to the voltage applied to inputs 1, 2 or 3. 
The function of program XAMPLEO?7 is as 
follows: generate an output voltage that 
can be increased or decreased by pressing 
push-button ‘A’ or “B’ respectively. In ad- 
dition, show the status of the comparator 
outputs on the three LEDs. 

Summarizing, the proposed system 
allows us to program an output voltage, 
and find out if this is greater or smaller than 
the voltages at the three comparator inputs. 

The flow diagram of the program we 
have in mind is given in Fig. 19. The as- 
sembly language program (Fig. 21) has a 
couple of instructions that may be new to 
you. Also, internal RAM addressing is 
used for the first time. Let us have a look at 
the listing in Fig. 21. The current value of 
the voltage is stored at address O5OH in the 
internal RAM. This address is assigned the 
label ‘DA_V ALU’ in line 9. When the pro- 
gram starts, the voltage is set to 128 in 
line 12, In the loop that starts with the label 
‘NEW’, DA_VALU, i.e, the value at O50H, 
is sent to the DAC (lines 14, 15 and 16). 
Next, the program waits 5 ms before send- 
ing the comparator output signals to the 
LEDs (lines 19 to 22), Lines 23, 24 and 25 
serve to check if a key is pressed. If so, the 
program jumps to the corresponding sub- 
routine, which causes DA_ VALU to be in- 
creased (lines 32 to 36) or decreased (lines 
27 to 31). In cach subroutine provision is 
made to prevent the minimum value being 
decreased, and the maximum value being 
increased. 


Assignment 


On the basis of what you have learned so 
far, combine XAMPLE06 and 
XAMPLEO7 is such a way that the position 
of the rudder (i.e., the length of the pulses 
generated by XAMPLE06) can be control- 
led with the push-buttons, just like the out- 
put voltage in XAMPLEO7. 

You may also have a go at outputting a 
sawtooth via the DAC, or any other wave- 
form you find interesting. This will quickly 
take you to a level where you will start 
writing your own assembly language rou- 
tines, however simple to start with, 


Next time: the fifth instalment of the course 
will address the remaining arithmetical in- 
structions. Based on that information, we 
will tackle methods of implementing 
simple calculations with the aid of the 8051 
(calculations are often required to process 
measured values). Part 5 will also intro- 
duce some programming techniques, in- 
cluding those required for receiving and 
transmitting (MIDI) data via the serial in- 
terface. | 


ELEMENTS OF PASSIVE ELECTRONIC COMPONENTS 


PART 2: THE IRON-CORED TRANSFORMER 


HE iron-cored power transformer Is usu- 

ally looked on as simply a device for 
raising or lowering the voltage of an alter- 
nating supply, with a corresponding decrease 
or increase in the current, but there is more 
toits functions in life than this simplistic view 
suggests. The transformer ts an electromag- 
netic energy converter, whose operation is ex- 
plainable in terms of the behaviour of a mag- 
netic circuil excited by an alternating or 
changing current. As such, a brief review of 
its operational behaviour as a passive elec- 
tronic component, is justified. 

Faraday, in his experiments into mutual in- 
duction, which were described in the first part 
of this short series, used an iron-cored trans- 
former that differed in construction from the 
toroidal forms we have today in nothing but 
possibly the technology of the core mate- 
rial. Essentially. in the construction of any 
transformer, there are two insulated windings 
wound upon a closed magnetic circuit of 
low reluctance: one winding is referred to 
as the primary (or input) coil, and the other 
as the secondary (or output) coil. In prae- 
tice, there may be a number of output coils, 
but this does not affect the basic operational 
principles of the transformer. For clarity, 
Fig. | illustrates the input and output wind- 
ings as being on separate limbs of the mag- 
netic circuit, but however they are disposed, 
both windings are assumed to be linked by 
the same magnetic [fux. 

There is no direct connection between inpul 
and output; the transformer isolates one cir- 
cuit from the other while allowing an exchange 
of energy between them. In addition, the 
transformer may be used to transform notonly 
voltage and current, but also impedance, 
which enables the transfer of maximum power 
through impedance matching. Further, since 


Ra ee 
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Fig. 1. Schematic representation of transformer 
operation. 


by Steve Knight, B.Sc. 


only alternating or changing current are trans- 
formed, the output circuit can be isolated from 
direct-current components in the input sig- 
nal. All of these functions can be performed 
with high efficiency and precision. 

For power applications, the frequency 
range of operation is in general 50-800 Hz, 
but special design refinements make the 
iron-cored transformer of value over the 
audio range of 20 Hz to 25 kHz. 


Voltage transformation 


Because of the relatively large number of 
primary turns and the presence of the closed 
magnetic circuit, the self-inductance of the 
primary coil of acommonplace power trans- 
former is large; and because of the ughtness 
of the coupling between primary and sec- 
ondary, the coils have a high mutual induc- 
tance. When the primary coil is connected 
to an alternating supply, the transformer will 
simply exhibit the characteristics of an iron- 
cored inductors. A current will flow and an 
alternating flux will be established in the core, 
a high proportion of which will link with the 
turns of the secondary. An e.m.f. of mutual 
induction will be set up in the secondary 
and, if the secondary circuit is completed 
through an external Joad, a current will flow 
in the load. Energy is, therefore, transferred 
from the input to the output circuit entirely 
by way of the magnetic coupling. 

Assuming for the moment that we have a 
near-ideal component, the levels of the pri- 
mary and secondary induced voltages, e; 
and eo respectively, will be proportional to 
the number of turns in the respective wind- 
ings, since all the flux set up by the primary 
can be assumed to link with the secondary and 
is changing at the same rate, d@/dr, for both 
windings. 

For a sinusoidal variation in the core flux 
of the form @= \¢ lsiner, the induced e.m.f.s 
are, from Faraday’s law: 


e)=T | (d@/dt) = 7; @|¢ koser = E\coseot 
and 

€2 =1>(d@/dt) = To@ lo loser = Focosmt, 
where 7| and 7> are the turns in the primary 
and secondary winding respectively, and £, 
and £> are the r.m.s. values of the sinusoidal 
e.m.f.s. Hence, 

e3-£) = Ey:F, = Tx:T| =H 
demonstrates that the ratio of the induced 


e.m.f.s is equal to the turns ratio, n. For n>1, 
the transformer Is a step-up, for n<1, it is a 


step-down. These terms are applied to the volt- 
age transformation ratio. 

In practical transformers, the terminal 
voltages, designated V, differ slightly from 
the induced e.m.f.s owing to the presence of 
effectual internal resistance in both the pri- 
mary and the secondary coil; the terminal volt- 
age ratio is, therefore, not the same as the turns 
ratio, but the difference can be considered 
as negligible for most applications, 


The unloaded transformer 


We have noted that when the secondary ter- 
minals of a transformer are open-circuit, the 
primary winding behaves as a large induc- 
tive impedance, through which a small no- 
load current, /,,, will flow that lags the ap- 
plied voltage, V), by an angle 6, which will 
be close to 90°. A component of this current 
will sect up an alternating in-phase flux @ in 
the core that in turn produces primary and sec- 
ondary e.m.f.s, £) and £>. There will be ahys- 
teresis loss in the core when the flux is es- 
tablished and this loss will appear as heat, 
unaffected by the lamination of the core 
which is designed to reduce the other loss 
component, eddy currents. The no-load cur- 
rent, /,, must, therefore, contain an iron-loss 
component in addition to the true magnetiz- 
ing component, fy). 

The phasor diagram for the unloaded trans- 
former is shown in Fig. 2, where @ is taken 
as the reference phasor since it is common 
to the primary and secondary circuits. Ignoring 
the small difference between the applied 
voltage, V), and the primary induced e.m.f., 
E,, the latter will be in anti-phase with the for- 
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Fig. 2. Phasor diagram of the unloaded trans- 
former. 
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mer. Further, the alternating flux that links 
with the primary turns and induces a back- 
em.f. of —E£) volts also links with the sec- 
ondary; consequently, there is induced in 
the secondary an e.m.f. £> that is in phase 
with the primary back-e.m.f. For a transfor- 
mation ration of n, therefore, F>=—F)n. 

The two components of /, are /,sin@, in 
phase with the flux, which is the magnetiz- 
ing current /,,, a purely reactive component 
that is just sufficient to establish the flux: 
and the loss component, /y,=/,cos@, in phase 
with the applied voltage. This component sup- 
plies the iron losses. 

Under no-load conditions, the /,R cop- 
per loss is very small and the overall losses 
are found in the iron circuit, so that /, is al- 
most equal to /,,. Strictly, the magnetizing 
current is not sinusoidal for a sinusoidal 
input, since the B-H magnetizing curve for 
the core material is non-linear, but for small 
fy the phasor representation is perfectly 
valid. 

What is important to appreciate at this stage 
is that, since the induced primary e.m.f. must 
depend on the magnitude of the alternating 
tlux, it follows that this magnitude is deter- 
mined solely by the magnitude of the ap- 
plicd primary voltage. Therefore, if V) 1s con- 
stant, @ 1s constant. This has two important 
consequences: @ must remain constant irre- 
spective of any other currents that may be 
caused to flow in either the primary or the 
secondary winding when the transformer is 
loaded; and, on full load, the core flux is the 
same as on no load, so that the full-load iron 
losses are identical to the no-load iron losses. 
What does increase with loading are the /?R 
copper losses in both windings. It can be 
demonstrated that the efficiency of the trans- 
former is amaximum when the copper losses 
are equal to the iron losses. 


The loaded conditions 


In Fig. 3, the secondary terminals of the 
transformer are connected to a load that, as 
an example, is assumed to be a posilive 
impedance (the most common circumstance). 
Ignoring the copper losses, the secondary ter- 
minal voltage, V>, will be identical to the 
secondary inducede.m.f., £5, and the primary 
applied voltage, V,, will be equal to, and in 
anti-phase with, the induced (back-)e.m.f. 
in the primary winding. 

The induced secondary e.m.f., E>, will 
cause acurrent, />, to flow through impedance 
Z>. This current will lag E> by an angle @ 


L=Io+l) lags by 0, on Ep 
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Fig. 3. Transformer operation with a complex sec- 
ondary load. 
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Fig. 4. Phasor diagram of the loaded transformer. 


and will attempt to create a flux of its own 
in the transformer core. It is here that the 
constancy of the flux, @, must be taken into 
account, since there has been no voltage 
change in Vj. Some action must, therefore, 
take place to neutralize the effect of the sec- 
ondary load current on the core flux; what 
happens is that a primary current flows of 
such a magnitude and phase the the effect of 
the secondary current is nullified. The de- 
magnetizing magnetomotive force, m.m.f., 
/5T> ampere-turns, is neutralized, in effect, 
by an additional primary current that in- 
creases the primary m.m.f. to /)'7)= [57> 
ampere-turns, Current /;' is known as the 
balancing current and must, therefore, be 180° 
out of phase with /> and of such a magni- 
tude that the total effective resultant flux in- 
troduced by the two currents is zero. This 
implies that the new effectual m.m.f. must 
equal the m.m.f. caused by /,, alone, or, 


ITT 2th 'T=l mT), 
so that, 

1'Ty=hT>, 
or, 

1 flg=Ty/T\. 


Notice that the current ratio />//;"=1/n. This 
accords with the well-known fact that a trans- 
former converts a high-voltage, small-cur- 
rent power into a low-voltage, high-current 
one, and vice versa. 

The phasor diagram for the loaded trans- 
former under discussion is given in Fig. 4. 
For convenience and clarity, 7 is taken as 1. 
The total primary current, /), is the phasor 
sum of the no-load current, /,, and the bal- 
ancing current, /;', lagging the primary volt- 
age by an angle @5. In practice, /)' is much 
larger than /,, and /;' and /; can be looked 
on as being equal in magnitude. Angle 0; 


by which the secondary current lags the sec- 
ondary e.m.f. is then practically equal to 
@5.This means that the power factor 1s roughly 
the same for both the primary and the sec- 
ondary winding and that the transformer 
does not to any great extent alter the phase 
relationship between current and voltage. 
Because, in practice, 85 is always slightly 
greater than 0), the use of a transformer 
tends to decrease the overall power factor 
of a system. 


Impedance transformation 


When the primary current increases owing 
to the application of a secondary load, the 
primary impedance effectually falls. There 
is clearly a relationship between the load 
impedance and that seen at the primary ter- 
minals when such a load is connected. 

In Fig. 5, suppose the secondary load 
impedance to be Zs; the secondary e.m_f. 
will then be £,n volts and the secondary 
current will be £yn/Z>. The primary balane- 
ing current will consequently be n(£yn/Z3)= 
=F) n?/Zs and this will equal the primary 
current if the magnetizing current is small. 
Therefore, /)=E\n2/Z> and E (/1;=Z>/n2. Thus, 
since £)//,;=Z), the impedance seen at the pri- 
mary terminals is Z;=Z>/n2. 

Fora step-up turns ratio, Z,; will be smaller 
than Zs; for a step-down ration, Z; will be 
larger than Z. Impedance is, therefore, trans- 
ferred across the transformer trom secondary 
to primary and is increased or decreased 
(from the primary viewpoint) according as 
the turns ratio, #, 1s (looking from the sec- 
ondary side) up or down respectively. 

The impedance matching abilities of a 
transformer have little relevance in power 
transformers, butare of importance in audio- 
frequency transformers. 


Audio-frequency transformers 


When a transformer is designed for a range 
of frequencies, unlike power transformers 
that are made for a single frequency, the 
equivalent circuit that the transformer pre- 
sents to the input system is often quite dif- 
ferent at one end of the range from what it is 
at the other. Ifa reasonably uniform response 
over, say, the audio-frequency range is de- 
sired, the transformer, including interstage 
types, Output Lypes, input matching devices, 
and so on, requires careful design consider- 
ations. In a practical transformer, there are a 
number of losses that may be represented as 


5; Ai 
y= Z Nola zs" 
Z, 
N 
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Fig. 5. The transformer used an impedan ce 
transfer device. 
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Fig. 6. Deriving the equivalent of a transformer model with losses isolated from an ideal device. 


extra components added to the external cir- 
cuits of an otherwise ‘ideal’ transformer, as 
illustrated in Fig. 6. The copper losses are 
shown as external resistances, R; and Ro, in 
the primary and secondary circuits respect- 
ively; hysteresis and eddy current losses are 
represented by a parallel primary resistance. 
R;; flux leakages by series inductors L; and 
Ly; and the self-capacitances of the wind- 
ings as parallel capacitors C; and C>. At 
power frequencies, the self-capacitances 
and the leakage inductances are not particu- 
larly important. 

By transferring the secondary loss com- 
ponents to the primary circuit, the equiva- 


lent model becomes as shown in Fig. 6(b), 
where R,, the total copper loss, = R)+R/n?2; 
the total leakage inductance, Lj=L)+Lo/n?; 
and the total effective winding capacitance 
Cy=C)+Con2. There is also L, the effective 
primary inductance with the secondary on 
open-circuit, such that V\/wL gives the mag- 
netizing current. The remaining ideal trans- 
former is then a component without the im- 
perfections of the real device. 

What happens to this model when itis used 
over the audio-frequency range? At very 
low frequencies, the input impedance will ap- 
proximate that shown in Fig. 7, where the 
series inductance L; is neglected along with 
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the shunt resistance and the winding capac- 
itance, Cy. Hence, the ratio of the terminal 
voltage, V;, and the effective primary volt- 
age V will be small, so the output voltage, 
V>, will be small. At some mid-frequency in 
the range, the transferred load resistance, 
Zy/n2, will be very much larger than the re- 
sistance of L; and there will be a tendency 
for Cy, and L to resonate, so making the ratio 
V>/V, approach n. At high frequencies, the 
shunt capacitance, Cy, has a low reactance 
relative to that of £; and becomes dominant. 
This means that the response falls relatively 
rapidly. 

The high-frequency response can be ex- 
tended by sectionalized windings to reduce 
the self-capacitances and by getting the res- 
onant condition to fall in the upper third of 
the range. In the same way, the low-fre- 
quency fall-off can be curbed by maintain- 
ing a high primary inductance (often achieved 
by barring direct currents from the winding) 
and by keeping the winding resistances small, 
though there is a conflict of requirements here, 
The choice of core material and thin lami- 
nations or ferrite is also important. a 


Next month's final instalment of this short 
series will deal with the capacitor. 


MEDICAL LASER TECHNOLOGY 


by Douglas Clarkson 


HE application of lasers in medicine is 
all about the interaction of photons of 
radiation with tissue. It is the ability to pre- 
cisely deliver such energy at sufficiently 
high continuous power levels or in the form 
of discrete pulses of energy that has led to 
the significant use of such systems in medicine. 
This use has largely come about as a spin-off 
of technology originating in industrial and 
military applications. 
The human body can be considered to be 
an Aladdin’s cave of diverse types of tissue: 
muscle, fat, bone, cartilage, and so on. Con- 


ventional surgical procedures have evolved 
from using the scalpel, surgical diathermy, 
saws, drill and ultrasonic fragmentator sys- 
tems to cut through the various types of tis- 
sue. Each of the various disciplines of surgery 
tends to develop standard techniques for its 
various procedures. Table | gives a brief 
‘snapshot’ of the various surgical proce- 
dures associated with a range of surgical 
specialities. 

The medical laser is finding particular 
application in areas where it allows specific 
procedures to be undertaken with reduced pa- 


tient stay in hospital and incidence of com- 
plications. 


Degree of ‘unique’ role of 


laser systems 

It is important, also, to appreciate the de- 
gree of ‘uniqueness’ of laser technology in 
medicine. This factor can range from the 
one extreme of ‘entirely unique’, where the 
laser is the only way to undertake the proce- 
dure to ‘non unique’, where several alterna- 
tives are available. One such ‘entirely unique’ 


ELEKTOR ELECTRONICS JUNE 1992 


— “rss 


oer 


method relates to an application in opthal- 
mology, where there is the requirement to 
bombard the retina with pulses of focused 
radiation in order to preserve its function. This 
can be achieved by using an argon laser with 
an appropriate pulsed delivery system. 


This could be contrasted with the use of 


a surgical laser to cut tissue during a general 
surgical procedure, There may be no signif- 
icant advantage over a general -purpose dia- 
thermy system that ‘cuts and coagulates’ 


Sprints Type of pishedakes 


General Heaciatt Removal of appendix 
| or gall bladder 


Hip replacements 
eadtiaeh bidarsilid 


ones 


la mn 
| Repair hemorrhage 


By-pass sisigeaseieeyiit 
valve replacement 


angioplasty 


Table 1. Types of general procedures un- 
dertaken as a function of hospital spe- 
ciality. 


+ Photodisruption 
- Photoablation 

- Vapourisation 

~ Coagulation 
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Fig. 1. Simplified outline of the four main 
mechanisms by which lasers can inter- 
act with tissue. 


partially reflecting mirror —_ totally reflecting mirror 
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Fig. 2. Basic element of a laser resonator: 
the lasing medium receives energy from 
an external source and stimulated emis- 
sion of radiation is encouraged by the mir- 
ror resonator. 


tissue by means of an arc of high-frequency 
current established along the line of an inci- 
sion. Where, however, extreme care and pre- 
cision was necessary in the cutting procedure, 
such as in the removal of a spinal tumour, 
the use of an appropriate laser system would 
be relevant as an ‘entirely unique’ solution. 


Medical laser markets 


In terms of size, the medical laser market is 
very much the poor relation of industrial 
and military laser systems. The technology 
developed within these larger sectors has, 
however, been readily ‘transferred’ to the med- 
ical sector where products have been cus- 
tomized by generally scaling down the power 
and developing delivery systems appropri- 
ate for clinical needs. Thus, most laser sys- 
tems in use in medicine have their “big brother’ 
counterpart in industrial applications. A good 
example of this ts the carbon-dioxide laser, 
which at kilowatt power levels can be used 
in industry to cut through thick steel plate 
and at levels of tens of watts cut through tis- 
sue in medical applications. 


Tissue interaction mechanisms 


Figure | shows a simplified outline of the four 
main mechanisms by which lasers can inter- 
act with tissue. Several of these mechanisms 
are considered in detail. 


Coagulation/thermal 

At reasonably long interaction times, the 
dominant mechanism is thermal. The pre- 
cise effects of such thermal processes de- 
pend on the wavelength of the radiation and 
the level of power intensity. For carbon- 
dioxide —CO —lasers with a wavelength 
of 10.6 Lum, energy is absorbed readily by 
‘fleshy’ tissue, so that the thermal effects tend 
to be relatively localized. With Nd:YAG 
(neodymium yttrium aluminium garnet) lasers, 
however, with a wavelength of 1.06 tm, the 
emitted radiation penetrates further, so that 
a deeper coagulating effect is produced than 
with the carbon-dioxide system. 

Thermal mechanisms are also employed 
in treatments of the retina by argon lasers, 
where pulses of laser energy are focused to 
precise locations to preserve its viability. In 
this case, pulses typically of 200 ms dura- 
tion at power levels of 0.5 W are used. 


Vaporization 
Where local power densities are higher and 
are achieved over shorter time intervals, the 
higher temperatures reached will tend to 
cause issue to vaporize. This is because 
conduction processes cannot operate suffi- 
ciently fast to conduct away excess heat. 
The actual transfer from coagulation effects 
to vaporization effects is a gradual one. Thus, 
when high power densities of a carbon-diox- 
ide laser are incident on tissue, the tissue 
surface will be raised to such a high value 
that vaporization takes place and a smoke 
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trol of the clinical operator in as much as it 
is the power density at the tissue interface that 
is being controlled. 

Thus, where, for example, the clinical 
operator is directing a CO» beam on to ts- 
sue, the effect on the tissue for a given out- 
put power is both a function of the areas 
over which the energy is directed and the time 
during which the energy Is incident. Thus, the 
treatment may be ‘underdone’ or ‘overdone’ 
depending on the skill of the operator. 


Photo-ablation 

Where pulses of energy are delivered in 
shorter and shorter time intervals, so-called 
non-linear processes become important in de- 
termining tissuc interactions. Generally, en- 
ergy is absorbed by a thin superficial tissue 
layer with the possible occurrence of non- 
thermal bond breaking. Fast thermal expan- 
sion can lead to mechanical destruction of 
the target. Pulses that perform in this way 
are typically between 5 ns and | Us dura- 
tion. This is, forexample, the mechanism that 
is used in the opthalmic pulsed Nd: YAG sys- 
tem where energy 1s dissipated in a very 
small volume in a very short time interval. 


Photo-disruption 

Photo-disruption ts in some ways a more 
extreme case of photo-ablation in which the 
very high field strengths developed in the 
delivered beam result in ionization and plasma 
formation. Shockwave generation can result 
from such interactions. The optical systems 
required to deliver such short pulses are, of 
necessity, more complex and expensive. 


Range of medical laser systems 


These then are the main mechanisms by 
which lasers can interact with tissue. In gen- 
eral surgery applications, the emphasis is on 
controlled cutting/coagulation of tissue. For 
this, vaporization/coagulation mechanisms 
are sutficient. Various processes, such as the 
removal of plaque in coronary arteries, em- 
ploying angioplasty techniques, use pulse en- 
ergy to photo-ablate deposits. Photo-ablative/ 
photo-disruption techniques are used in opthal- 
mology to create highly localized shock waves 
to puncture, for example, holes in the iris as 
an out-patient treatment for glaucoma. 

For each medical procedure dealing with 
a specific set of tissue types, there will be an 
appropriate means of laser interaction with 
tissue to achieve the desired effect. The laser 
of choice for that procedure will be one that 
performs efficiently and also cost effectively. 
The laser used in practice for an application 
will not necessarily be one that provides the 
‘ideal’ clinical result where the ideal laser is 
considerably more expensive than the one 
which is actually adopted. This is, for ex- 
ample, true for the emerging set of dental lasers 
where there is indication that wavelengths 
around 350 nm are more effective in remov- 
ing caries infection than are pai Nd:YAG 


plume is emitted. 
In most laser system, the transition between 
coagulation and vaporization is under the con- 


used in practice. 
Table 2 outlines typical types of laser 
used currently with indication of tissue in- 
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teraction mode, wavelength, power/encrgy 
levels and, where appropriate, pulse dura- 
tion values. The broad range of wavelengths, 
tissue interaction modes, power level and 
pulse energy levels provides a broad range 
of options to the clinician. 


Principles of laser systems 


Figure 2 shows the basic diagram of a laser 
system. The key clement of such a system is 
that atoms or molecules are raised in energy 
io an ‘excited’ state. This can be achieved 
by collision of ions and electrons in an ion- 
ized gas, or by thermal excitation of molecules 
of a gas. Also, atoms in solid-state materials 
can be excited by, forinstance, the output from 
a xenon flashlamp. 

The atoms or molecules that are excited 
can return to their base energy by two main 
mechanisms: spontancous emission and stim- 
ulated emission. The optical design of the 
laser encourages the atoms or molecules to 
release their stored energy by stimulated 
emission. This kind of emission takes place, 
for example, when a photon interacts with 
an excited atom or molecule, causing a pho- 
ton to be released with identical wavelength 
and phase. 

The optics of the laser encourages light 
to build up between two resonating mirrors. 
While these can be completely flat, in prac- 
tice, at least one is slightly convex. One mir- 
ror is usually completely reflective, while 
the other is partly transmitting, allowing 
laser energy to ‘escape’ from the resonator 
sysiem. 

Usually, the laser is powered essentially 
in a continuous mode where the source of 
excitation is apphed continuously to the las- 
ing medium. In some, the excitation is un- 
dertaken by a single burst of flashlamp en- 
ergy and the laser is made to lase in a very 
short time scale by the opening of an elec- 
tronic shutter with a very short ‘open’ time: 
in the region of a few nanoseconds. 

There is increasing use of so-called diode 
lasers where the excitation mode is that of 


CO; General surgery 


Nd:YAG General surgery 


Argon 


Krypton 
oo Atyp.) 
Nd:YAG Opthalmology 
Holmium 
SAG vss: 
Excimer 
~ KeC) 


- Orthopatdics 


Angioplasty a 


Retinal coagulation 


Retinal coagulation 


current flowing through the diode region. 
While there is expectation about the emer- 
gence of diodes with wavelengths in the 
blue/green/yellow range, so far, the short- 
est wavelength commercially available* is 
670 nm, a deep red colour. Such diodes have 
not really displaced He-Ne lasers as aiming 
beam devices, since the 613 nm emission of 
the He-Ne laser is some 5 or 6 times more 
visible to the human eye than the 670 nm 
output of the diode. Blue/grecn diodes have 
been demonstrated in the laboratory and one 
day, perhaps, such diodes costing no more 
than hundreds of pounds will be widely avail- 
able. 


Specific laser systems 


There is a broad range of efficiencies of the 
lasing process. The argon laser has a low ef- 
ficiency in the region of around 0.05%, whereas 
the carbon-diode laser has a high efficiency: 
of the order of 20%. 

The low efficiency of the argon laser is a 
result of the inefficiency in ‘pumping up’ a 
population of excited ions to release their 
energy by stimulated emission. A large part 
of the released energy is in ultraviolet radi- 
ation that is not allowed to be transmitted from 
the laser generation system owing to the op- 
tical properties of the laser tube material. 

In the laser power gencration unit, use is 
made of Brewster windows to improve the ef- 
ficiency of the tube’s lasing action. The angle 
at which the windows are slanted allows the 
transmission of a significant fraction of the 
incident radiation polarized in the vertical 
plane of the tube (E vector), Without this 
feature, the tube would have to be operated 
at higher power levels in order for a set level 
of output to be delivered by the tube system. 
Figure 3 shows the details of atypical Brewster 
window and mirror resonator assembly. 

The resonator of a CO; system is of a 
simpler design than that of an argon ion laser. 
In conventional systems, one side of the 
laser resonator tube is evacuated to alow pres- 
sure and a supply of gas introduced from the 


A (ium) Power 


10.6 100 W 


1.06 100 W 
0.54 5.W (imax) 
063 1 W (max) 
1.06 20 mi 

500 mJ 


500: mJ 


Table 2. Types of laser and typical clinical uses. 


opposite end. The gas is made to conduct 
and ionize by the passage of a high-tre- 
quency voltage between a pair of electrodes. 
A water jacket removes excess heat gener- 
ated. The design of sucha tube system is shown 
in Fig. 4. Because the CO> laser is so efficient, 
there is no need for Brewster windows to be 
used to improve the efficiency of the laser 
power generation system. 

The Nd: YAG laser uses essentially the prin- 
ciple of flashlamp excitation of a solid crys- 
tal of Nd:YAG Usually, this crystal is posi- 
tioned at the focus of a parabolic reflector that 
focuses the output from the flashlamp on to 
the crystal element. Figure 5 shows details 
of a specific Nd:YAG resonator. Light from 
a xenon flashlamp is used to pump a Nd: YAg 


Fig. 3. Details of a typical Brewster win- 
dow and mirror resonator assembly. The 
Brewster windows are indicated c and d. 
The laser resonator is formed by the to- 
tally reflecting mirror e and the partially 
reflecting mirror b. 


water out 


mirror water jacket [ 
— a | 
=a laser resonator = 


mirror 


ry 


water in 


Fig. 4. Design of atypical CO system. Gas 
is passed along the resonator space be- 
tween electrodes (not shown) and ex- 
cess heat is removed by a water jacket. 


Fig. 5. Example of an Nd:YAG resonator- =-- 


unit. Light from a xenon flashlamp is used 
to pump an Nd:YAG crystal. 
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Fig. 6. Outline of argon laser system show- 
ing the various delivery interfaces. 


Fig. 7. Aclinical argon laser, primarily used 
for retinal photo-coagulation. 


Biascamace’ A 


Fig. 8. A dual function CO2 Nd:YAG sur- 
gicai laser where the articulated arm can 
deliver CO, and Nd:YAG radiation simul- 
taneously. 
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crystal. The ‘enclosure’ in which the pump- 
ing system Is housed is coated with a highly 
reflective spluttered gold surface. The res- 
onator section with the partially reflecting 
mirror on the left, and the totally reflecting 
mirror on the right, is more compact than either 
a CO) system or an argon system. 


Delivery systems 


The preferred primary element of a delivery 
system is certainly an optical fibre. In Nd: YAg 
surgical systems, for instance, the power is 
conveniently transmitted along fibres of be- 
tween 200 and 500 um diameter. Typical 
Nd:YAG systems merely use a polished fibre 
end as the ‘contact’ with the treatment site. 
Some systems use sapphire tips attached to 
the end of an optical fibre as the point of 
contact with the tissue. The sapphire tip ab- 
sorbs energy from the Nd: YAG beam and pro- 
vides the surgeon with a ‘hot tip’ with which 
to cut the tissue. The correct use of such tips 
comes with clinical experience. The surgeon 
runs the risk of vaporizing the sapphire tip if 
power Is applied to it and it is not in contact 
with tissue and of tissue adhering to the tip 
if itis not at a sutficiently high temperature. 

Specialist optical fibre elements of argon 
laser systems couple the output power from 
the laser generation system to the slit lamp 
which in turn is used to treat the patient. 
Argon lasers are usually configured to more 
demanding technical limits with, typically, 
50 um diameter optical fibres and require 
invariably more service attention. Figure 6 
indicates the typical delivery interfaces of 
such an installation and Figure 7 shows a 
typical clinical system, 

The 10.6 tm radiation of the carbon-diox- 
ide laser, however, is heavily attenuated by 
conventional optical fibres, While some promis- 
ing results have been reported with the use 
of hollow metal wave guides, most systems 
use conventional articulated arm units that 
comprise six or seven mirror elements. This 
difficulty restricts the range of surgical pro- 
cedures in which the CO; radiation can be 
used successfully. 

Figure 8 shows a surgical laser that in- 
corporates both a CO) resonator (upper hor- 
izontal section) with articulated arm deliv- 
ery system and a Nd: YAg resonator with an 
optical fibre delivery system. This ‘combi- 
nation’ laser allows dual CO>/Nd:YAg out- 
put via the articulated arm section where the 
specified benefits of each wavelength can 
be used simultaneously. 

One of the most demanding delivery sys- 
tem is that used with laser angioplasty where 
a preciscly directed beam of pulses laser ra- 
diation is directed to obstructing plaque within 
the coronary arteries, The operator usually 
views the area to be treated through an opti- 
cal fibre. Laser energy is normally directed 
down an array of fibres to the treatment site. 


Conclusion 


Lasers have made unique contributions to 
modern medicine and will certainly be at 
the forefront of future medical technology. 


SCIENCE & TECHNOLOGY 61] 


[t is important, however, to be objective as 
to their true worth and benefit ai a time when 
the ‘peace dividend’ from a reduction in 
military expenditure may be spent in in- 
creased provision of health care. a 


* See, however, “Red-light diode lasers’, 
Elektor Electronics, April 1992, p, 34. 


Further reading: 

The Laser Guidebook by Jeff Hecht, ISBN 
0 07 027 737 0, McGraw-Hill (Reviewed 
in Elektor Electronics, April 1992, p.61). 


CELLPHONES EXPLAINED 


by Bill Higgins 


Cellular telephones, once the symbol of people who cannot be 
without a telephone, are now becoming commonplace 
useful tools. How does the cellular telephone work? 
What are its advantages and disadvantages over 


CELLULAR telephone system is ba- 

sically a radio-telephone system that 
works duplex and allows connection to the 
Public Switched Telephone Network—PSTN. 
A geographical area is subdivided into smaller 
cells and transceivers sited at the centre of 
each cell. Users of cellphones carry around 
a hand-portable, or have mounted in their 
vehicle the necessary equipment to make cell- 
phone calls. In the UK, there are two sys- 
tems set up for cellphone use: 


(a) 
(b) 


Vodaphone, 
Cellnet. 


Atthe time of writing (February 1992), Voda- 
phone has the most subscribers, 700 000, 
against Cellnet’s 535 000. 

As the name implies, the feature of the sys- 
tem is the way a cell pattern is used to cover 
a geographic area. Often, one site has three 
directional antennas to create three cells. 

The siting of base stations is all impor- 
tant in the overall cell structure of the ap- 
propriate network. Base stations are selected 
along with appropriate antennas to create 
the desired r.f. wave pattern. 

Two main types of antenna are used in 
creating the wave pattern: omni-directional 
and uni-directional. The latter employ re- 
flectors to obtain the directional capability. 


other types of communications? 


Into Europe and beyond 


As users of cellphones hop around with their 
equipment, a need to have standardization 
with cellular system within Europe and fur- 
ther abroad has grown, Combined with the 
1992 withdrawal of trade barriers, this gal- 
vanized the regulatory authorities to come 
up with Groupe Spécial Mobile—GSM— 
standard. The frequency bands in GSM are: 


890-915 MHz 
935-960 MHz 


mobile transmit 
base transmit 


with a channel spacing of 200 kHz. The stan- 
dard uses Time Division Multiple Access— 
TDMA—with eight time slots. 

Mobile transmitters are allocated into one 
of five classes, depending upon the peak 
power radiated: 


Class 1 — vehicle or portable 20 W 
Class 2 — vehicle or portable 8 W 
Class 3 — hand-held SW 
Class 4 — hand-held 2W 
Class 5 — hand-held 0.8 W. 


Gaussian Minimum Shift Keying— 
GMSK—modulation with a BT value of 0.3 
at a gross data rate of 270 kb/s is used. Phase 
and frequency synchronization must allow 


Table 1. Typical antennas used for cellular radio systems. 


for Doppler shift on vehicles travelling at 
up to 250 km/h (156 mph). Compensation 
must be allowed for propagation delays for 
round trips between transmitter and receiver 
in cells up to 35 km (22 miles) radius, 


Digits 

As the processing of voice transmissions is 
into digital form, the easiest way to think of 
the operation of the system is in digital terms. 


¢ The overall data rate for each radio chan- 
nel 1s 270 kb/s. 

¢ Data is sent in bursts of 577 us, each hav- 
ing 116 encrypted bits. 

¢ There are eight time slots per TDMA 
frame—see Fig. 5. 

* Transmission and reception are staggered 
so that the mobile is not able to try to do 


TYPE 7562 
& 7562-6 


Antennas Type 7558 and 7562. 
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both at the same time. 

¢ Monitoring is performed by receivers to 
determine signal strength of adjacent cells 
to allow for a possible handover. 
In Europe, there are a number of opera- 
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Fig. 1. Cell pattern obtained with the use 
of three base stations operating on pairs 
of frequencies: f,, fp and fz. The same 
pattern can be obtained by using direc- 
tional antennas sited at the node of the 
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Fig. 2. deal situation: seven base stations 
working on different pairs of frequen- 
cies, f, to f;. In the real world, four differ- 
ent pairs of frequencies are used. 


920085-12 


Fig. 3. Siting of four base stations rela- 
tive to one another, which builds up into 
the pattern shown in Fig. 4 below. 
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Fig. 5. Eight time slots per TDMA frame. 
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tors involved in the GSM system. Table 2 
shows who is involved where. 


Swiss 
Turkey PTT 
OR res Cellnet 


Table. 2. European countries and their cell- 
phone operators. 


Peak performance 


Good communication between subscribers 
and base stations is dependent on a useable 
radio link between the two. Antennas for base 
stations have already been discussed. Mobiles 
need to have an antenna that receives the 
correct signal with as little loss as possible. 
They should be mounted vertically on vehi- 
cles at the centre of the roof. 

System operators go to considerable lengths 
in enlightening their subscribers on the mer- 
its of having a good radio link. Leaflets are 
distributed that feature cartoons, diagrams 
and plenty of text to persuade users to have 
their antennas mounted at the centre of the 
roof. It may not look so stylish, but it gives 
a much better signal. 

With all the complexities of systems, it 
is not surprising that accurate testequipment 
has been designed to verify the various pa- 
rameters of cellphone systems. One such 
equipmentis called Comtest 800/150 by RTT 
(Radio Telephone Test) Systems. Marketed 
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as an ‘Integrated Test System’, it can check 
modulation, frequency, power and more. It 
works up to 1000 MHz and is housed in 
one case. Indeed, a very useful device to keep 
systems and mobiles at peak performance. 


Advantages of cellphones 


¢ The ability to have your own handset that 
works wherever you are. 

¢ By linking in with PSTN, the number of 
destinations for calls is the total of PSTN 
subscribers. 

¢ Ease of operation: most cellphones are 
designed to be used in a manner similar 
to that of a standard telephone. 


Disadvantages of cellphones 


¢ The short delay after speaking to allow 
for reception along with any signal fail- 
ure can be annoying. 

¢ Different, competing systems can make 
the choice of what to use difficult, espe- 
cially when the added complexity of ‘does 
it work with GSM’ is taken into account. 

¢ High costs. The equipment itself has to 
be bought outright or leased on top of 
which there are the installation charges. 
Then there are subscription charges to 
the appropriate system and, last but not 
least, there is the cost per individual call. 


Personally, I] do not use a cellphone as it’s 
fartoo expensive. Instead, [use a BT Charge- 
card*, which enables me to use any public 
telephone and charges calls to my regular tele- 
phone bill. 


Conclusion 


Cellphones are increasingly being used by 
people in all walks of life as they can be use- 
ful tools to people on the move. 

Transceivers are used to provide duplex 
communication between subscribers and the 
appropriate network. 

Cell structure is achieved by the use of four 
pairs of frequencies that build up over a ge- 
ographical area, 

Two types of antenna are used, omni- 
directional and uni-directional. 

As trade barriers in Europe are brought 
down, increased provisions are made for 
subscribers on the move, that is, GSM stan- 
dardization. 

Advantages of cellular radiophones are 
flexibility and ease of operation. The main 
disadvantage is the very high cost of using 
cellphones compared with that of using reg- 
ular payphones. | 
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*Moreover, this card can be used anywhere 
in the world. (Ed) 


READERS’ CORNER 


LETTERS 


WOT IS A WOK? 

Dear Editor—Your contributor Mr. Kirwan 
(Design Ideas, March 1992) tells of WOK 
cooking andas he is evidently bent upon stuff- 
ing himself with victuals, the K can only mean 
Kitchen. But What Of the other two letters? 
[looked up the matter in my Concise Oxford 
Dictionary (vintage 1979) but it ignored the 
subject. I then queried my computer (Dictionary 
and Thesaurus 1989) and they both told me 
that the word was not found. 

Yours is an international periodical and | 
think it important that you define uncom- 
mon acronyms for the likes of those no longer 
with il, be they pale-faced natives, ex-patri- 
ates, Welshmen or otherwise. 


K. Jones, Varmo, Italy. 


If ‘wok’ had been an acronym or abbrevia- 
tion, we would, as usual, have taken care to 
give its full name in the article. However, 
wok is not an acronym or abbreviation, but 
the name of a Chinese frying pan with steep 
sides. This pan became popular inthe UK and 
USA (and other English-speaking parts of the 
world, where Chinese food is appreciated} 
in the late 1970s. Although its popularity 


has been waning of late, there are still many 
households priding themselves on having one. 
Editor 


SAVE DECODER 
Dear Editor—Is there any more informa- 
tion on the SAVE decoder you published 
two years ago? 


H. Hjemmen, Norway (and many others). 


We are under legal restraint not to publish, 
or make available by other means, any in 


formation on the ‘SAVE decoder’, whose copy- 


right is vested in the British Broadcasting 
Corporation. Sorry! Editor 


COMPUTERSCOPE 
Dear Editor—Al though I do not build the pro- 
jects you publish, I have learnt a lot from 
them: you are streets ahead of the competi- 
tion. My scope has recently died and as J 
have a 286, 20 MHz PC, | thought a com- 
puter scope would be good, but the one you 
published in 1986 has no software for a PC 
though and it has a small bandwidth. Would 
it be possible for you to update that design 
to include more advanced technology with 
a bandwidth of, perhaps, 5-10 MHz and in- 


clude PC software. Or maybe produce a new 
design from scratch. 

Also, would it be possible to run a course 
on programming in assembly language for, 
say, Z80-based hardware and software, as 
8051s don’t grow on trees, you know. 


A. Sutton, Leicester. 


We have asked our design department, as well 
as some of our regular free-lance contribu- 
tors to report on the possibility of updating 
the ‘Computerscope’ published in our September 
and October 1986 issues. Their findings will 
be published in this column ina few months’ 
time. 

Your comments on the 8OS1 in compari- 
son with the Z8O have been noted. Bear in 


nund, though, that our research, and that of 


our associate companies world-wide, indt- 
cates waning interest in ZSO0-based equip- 
ment. Moreover, we do not get many offers, 
if any, from free-lance contributors on this 
type of equipment. Nevertheless, there is a 
two-part article on a ‘Multi-purpose Z80 card’ 
in this and our May issues. 

As to your remarks regarding the price 
of the 8051, why not use a 8032? The course 
is geared to both devices without any reser- 
vations, but the 8032 ts considerably cheaper 
than the SOS]. Editor 


BOOKS FROM ELEKTOR ELECTRONICS 


303 CIRCUITS 

Like its predecessors in the 300 Series, 303 Circuits ofters a 
comprehensive collection of practical ideas, concepts and devel- 
opments in the gamut of electronics, Unlike its predecessors, the 
book is arranged in 11 subject sections to make it easier for the 
reader to find that long-sought circuit. 

ISBN 0 905705 62 2 

Recommended price £8.95 


NEW: 304 CIRCUITS 

A further selection of over 300 construction projects, design 
ideas and practical applications from all aspects of electronics. 
ISBN 0 905705 34 3 

Recommended price £9.95 


MICROPROCESSOR DATA BOOK 

Originally compiled to meet a need of Elektor Electronics engi- 
neers, technicians and editorial staff for a ready reference work 
on the most important microprocessors, this book contains 
information on not only the latest devices, such as the transput- 
er, but also the older, well-established types, such as the Z80 
and the 6800. 

ISBN 0 905705 28 9 

Recommended price £8.95 


DATA BOOK 3: PERIPHERAL CHIPS 

This book offers complete data of the most often encountered 
peripheral ICs that logically belong to the microprocessor fami- 
lies described in Microprocessor Data Book. 

ISBN 0 905705 30 0 

Recommended price £8.95 


DATA BOOK 4: PERIPHERAL CHIPS 

This, the third and final part in the Microprocessor Data Book 
series, deals with general peripheral chips that, at least as far as 
their type coding is concerned, do not belong to a specific fami- 
ly of microprocessor. These chips have been chosen carefully on 
the basis of their practical application and frequency of use. 
ISBN 0 905705 32 7 

Recommended price £8.95 


DATA BOOK 5: APPLICATION NOTES 

This book contains contains a large number of collected 
‘Application Notes’ published by well-known European, 
American and Japanese chip manufacturers. The notes cover 
both analogue and digital circuits and form a rich source of 
inspiration for all electronics designers. 

ISBN 0 905705 33 5 

Recommended price £8.95 
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BUILD A COMPACT DISK PLAYER 
Dear Editor—In his article ‘Build a com- 
pact disk player’, Mr Giffard mentions a 
Philips CDM-4 deck, which is included in a 
kit that has recently become available in the 
UK retail trade. | immediately contacted my 
local branch of the Philips organization to 
ascertain how a kit could be purchased. They 
could not furnish me with any information 
and requested that I contact you to find out 
the relevant information as to which branch 
of the Philips organization was making this 
kit available. 


A.R. Baldock, B.Sc., 
Australia. 


APTC, Kalamunda, 


Your local Philips representative or dealer 
should contact Philips Consumer Electronics, 
Industrial Supplies, Business Group KMG, 
NV Philips Industrial Activities, Hasselt, 
Belgium. Telephone +32 11 296 384. 
Editor 


FM TUNER 
Dear Editor—Could you please supply de- 
tails of where to obtain the TQF-2599 crys- 
tal filters used in the ‘FM tuner’ (March—July, 
1992), 


P. Holton, Durban, South Africa 


The TOF-2599 crystal filter for the FM Tuner 


should by now have become available from 
several electronics retailers. Unfortunately, 
there is a delay in delivery from the manu- 
facturers, Tovocom of Japan (ves, even Japanese 
manufacturers have their problems) and, 
consequently, the filters are not expected to 
be with the retailers until July. We are fortu- 
nate in being able to buy small quantities 
directly from the manufacturers, so that we 
have been able to complete our prototypes. 

Editor 


SPEED CONTROL OF LARGE 
DC MOTORS 

Dear Editor—I have a DC motor (from the 
ill-fated Sinclair electric car), 12 V,29 A, 3000 
rp.m., which I would like to use to motorize 
my auto winch on the telescopic mast that 
supports my amateur radio antennas. However, 
there is a problem with the motor’s speed. 

After reading “Speed control of large d.c. 
motors’ (May 1991) by K.A. Nigim, [ won- 
der if Mr Nigim’s circuit could be adapted 
to control the speed of my motor? | have a 
30 A transformer to drop the voltage from 
240 V to [8 V and I could use that for the 
power circuit. 


J. Lekesys, Huddersfield. 
We have passed your letter to Dr Nigim. As 


soon as we have his reply, we will be in 
touch. Editor 


MAKING YOUR OWN PCBS 
The response to Mr Price's letter in our 


April 1992 issue has been rich. All relevant 
letters and other information have been 
sentto Mr Price. We thank the many readers 
who have written with advice for their 
support. Editor 


VHF COMMUNICATIONS 


VHF Communications is a publication for 
Radio Amateurs and Radio Communication 
hobbyists or professional engincers world- 
wide who are interested in VHF, UHF and 
microwave techniques, The quarterly mag- 
azine 1s packed full of technical construc- 
tion and informative projects dealing with 
all aspects of radio communication in the 
upper frequencies. The subjects covered 
range from phone communication through 
television to digital modes and control tech- 
niques. If you have an interest in radio 
communications anywhere from VHF to 
light, VHF Communications will have some- 
thing to offer you. 

Annual subscription charges for 1992 have 
been retained at £12.00 incl. postage. 
VHF Communications is available by sub- 
scription only from KM Publications, 

5 Ware Orchard, Barby nr Rugby CV23 8UF, 
England; Telephone (0788) 890 365 or 
(0860) 857 434: Fax (0788) 890 365. 


nn — — — — TET eC OE ee 


| Switchboard allows all PRIVATE READERS. 
| Elektor Electronics one FREE advettise- 


FOR SALE—All kinds of components. 
Send SAE for list to Alan Auden, 206 
Ellerdine Road, Hounslow TW3 2PX. 


FOR SALE—PC-based 8051/80C552 de- 
velopment kit; 8051 assembler/disassem- 
bler; software simulator. £180. Phone 
(0275) 878 238. 


WANTED—The book Time Bases by A.C. 
Cossor Valves PLC Engineer O.S. Puckle, 
1940-41. Phone Mr Petrie on 041 956 
1041, 


FOR SALE—Solartron CD1400 valve oscil- 


ELEKTOR ELECTRONICS JUNE 1992 


SWITCHBOARD 


loscope, complete with manual. Low price if 
buyer collects. Phone 050 585 242, 


WANTED—The Elektor satellite IDU, in 
working order if possible. Reasonable price 
paid. Phone Sean on (0256) 57517. 


FOR SALE—Oscilloscope |watsu, 15 MHz, 
dual beam, complete with probes, manual 
and dust cover. £120 o.n.o. Phone (0622) 
812-491. 


WANTED—Fiektor Electronics number 8 
(December 1975). Will pay £20 plus all 
your expenses if in good condition! Kari 
Lyra, Jukolantie 10, 04200 Kerava, Finland. 


WANTED—Machine part list software pro- 
gram making it possible to produce part 
lists with sub-units. Kaj Larsen, Gyvelvej 
33, 9560 Hadsund, Denmark. Phone +45 
9857 3785. 


FOR SALE—Solartron valve scope with 
15 Mhz & high-sensitivity differential ampli- 
fier plug-ins. Nice measuring system for 
£65. Phone Pete on 081 275 2759. 


FOR SALE—Set of 16 Denco maxi-Q coils; 
5 Repanco IF transformers; tuning capaci- 
tor. Offers to C Sparrow on 050 585 242. 


WANTED—Wiring diagram of HF235 radio 
receiver 30 KHz—30 MHz; RS232 control or 
similar radio. Please quote. J. Navarro, 
Apartado 3013, Madrid, Spain. 


FOR SALE—Dartronic scope, £25. AVO 
Model 9, £25. CR100, £30. Heathkit scope 


OS2, £25. Phone 081 883 3474. 


Send this coupon to 
Elektor Electronics (Publishing) 
P.O, Box 1414 
Dorchester DT2 8YH 
England 


Block capitals please — one character to each box 


ELEKTOR ELECTRONICS 06/92 


Name and address MUST be given 


PRINTED-CIRCUIT BOARDS 


REED 986 


FEBRUARY 1986 


Battery-operated NiCd 


charger 


MARCH 1986 
MSX busboard 


APRIL 1986 
Portable mixer 


MAY 1986 
Printer bufter 


Portable mixer 


JUNE 1986 
a-way relay board 
Rain gauge 


SEPTEMBER 1986 
ATTY interface 
Universal peripheral 
equipment 


OCTOBER 1986 
1OU for satelliie TV 
reception 
Computerscape 


Video interface for 
Atari ST 


NOVEMBER 1986 
VHF/UHF noise 
generator 
Top-of-the range 
preamplifier 


DECEMBER 1986 


Temperature probe 
for OMIM 


6002 + 


86003 + 


86012-1 + 


5114-1 * 
B5114-2 © 
AGO12-3A © 


96039 + 
86068 + 


86019 « 
B6090-1 « 


B60d2-1 * 
B6083 « 


9968-5 
B6103 + 


86081 + 


§6111-34 
86111-1 


86022 * 


5.40 


18,15 


1.66 


6.90 
10.40 


1.05 


1.02 


3.18 


0.93 


0.18 


oT 


JANUARY 1987 
Top-ot-the- range 
preamplifier 


FEBRUARY 1987 
Electron ROM card 


MARCH 1987 
MSX EPROMmer 
Valve preamplitrer (1) 


APRIL 1987 
Valve preamplifier (2) 
Facsimile interface 


MAY 1987 


MIDI signal distribution 


JUNE 1987 
Autoranging OMM 


JULY/AUGUST 1987 
Headphone amplifier 


B6111-2 « 


B6089 © 


B7002 
B7O06-1 * 
6111-34 * 


87006-2 + 
87038 + 


e70l2* 


87099 + 


a7512 + 


22.50 


5.70 


9.50 
4.50 
6.90 


12.52 
8.83 


7.40 


6.55 


9.00 


3.94 


1,58 


OCTOBER 1987 


Low-noise microphone 87058 * 
preamplifier 

NOVEMBER 1987 

SSB receiver for 80m 87051 * 
and 20m 

BASIC computer B7192 
Bimmer for inductive 87181 = 


loads 


3.45 


14.75 


20.25 
6.00 


0.60 


2.58 


3,54 
1.05 


REED 


JANUARY 1988 


Stereo limiter 87168 + 
Switch-mode PSU 890001 « 
FEBRUARY 1988 

Infra-red headphones 87640 « 


Prescaler for fraquency 880005 + 
meter 


MARCH 1988 
‘Computer-controlled 87259 « 
side fader 

Low-noise preamplifier 880041 « 
for FM receivers 

Signal divider for 880067 « 
Satellite TV receivers 

APRIL 1988 

Stereo sound generator 87142 * 
Fuzz unit for guitars 87255 + 
Active loudspeaker 880030 + 


systam 
Tuneable preamplifiars B&0044 + 
for VHF/UHF TY 


MAY 1988 

Plotter BT167 « 
Balanced line driver 87197 © 
and receiver 

VLF converter ag80029 » 
JUNE 1988 

Wideband active aerial€80043-1 « 
for SW faceivers 880043-2 = 
HF operation ot 880085 * 
fluorescent tubes 
JULY/AUGUST 1988 

Electronic sand-glass B7406 * 


VO extension card for 880038 
IBM PGs 

Frequency read-out for 880039 » 
SW receivers 

Five-band graphic 884049 « 
equalizer 

Simple 80m RITY SBG034X + 
receiver 

SEPTEMBER 1988 

Fast NiCd charger 87186 « 
64K AAM for MSX a73ils¢ 
OCTOBER 1988 

Centronics mterface 

for slide fader Bad11i = 
Preamplifier for 880132-1 + 
purists 8801 32-2 * 
Ultrasonic distance 880144 + 
meter 

Peripheral modules 880159 « 
for BASIC computer 880163 
Transistor curve tracer 886087 * 


25 
5.00 


6.10 
9.25 


16.00 
6.50 


5.00 


7.25 
6.50 
7.50 


6.25 


11.50 
10.50 


5.75 


6.00 
4.75 


9.75 


6.60 
28.60 


1440 : 


7.95 


8.15 


6.10 
16.95 


taro 


5.80 
12.25 


7.75 


5.00 
5.40 


4.60 


1.27 
0.88 


1.07 
1.62 


NOVEMBER 1988 


Bus interface for hi-res 880074" 16.75 2.93 

LCD screens 

LFA-150 — a fast 880092-1= 8.45 148 

power amplifier 8a0gg2-2 5 7.70 1.35 

Harmonic enhancer aaoig7* 6.30 1.10 

Portable MIDI keyboard 880168" 7.85 1.37 

DECEMBER 1988 

LFA-150 — a fast 880092-3¢ 6.40 1.12 

power amplifier 880092-4+ 645 1.13 

CVBS-to-TTL adaptor 880098+* 4,85 0,85 

Colour test pattern 880130¢ 13.30 2.99 

generator 

Autonomous VO 

controller 880163 4.85 0.85 
880184 * 15,30 2.68 

Pitch control for CD BBO165* 11.50 2.01 


players 


| 1989] 


JANUARY 1989 


Fax interface for Atari 880109 7.35 1.29 
ST and Archimedes 
MIDI contro} unit 880178-1 9.05 1.58 
8801748-2 6.65 1.16 
Low-budget capaci- UPBS-1 1.95 0.34 
tance meter 
FEBRUARY 1989 
Digital Model Train 87291-1 4.20 0.74 
Touch key organ 886077 10.05 1.76 
VHF receiver 886127 7.45 1,30 
MARCH 1989 
Power line modem 880189 6.10 1.07 
Centronics buffer 890007-1 19.60 3.43 
890007-2 2.15 0.38 
890007-3 B35 1.46 
APRIL 1989 
Digital Model Train §=87291-2/9 4.30 0.75 
Function generator UPBS-1 1.95 0.34 
Tnptet 890013-1 6,65 1,16 
890013-2 6.80 1,19 
Multi-point 1A contre! 890019-1 3.45 0.60 
890019-2 4.05 6.71 
Video recording amplifier ELV project 
MAY 1989 
RDS decoder 880209 4.50 0.79 
Digital Model Train (4) 87291-4 §.25 0.92 
Analogue multimeter 890035 12.50 2.19 
OTMF system decoder 890060 6.50 1,14 
Sine-wave converter UPBS-1 1-95 0.44 
5-VHS-to-AGB converter ELV project 
JUNE 1989 
8-digit frequency meter 6880128 11,50 2,01 
Echo unit ELY project 
JULY/AUGUST 1989 
MIDI keyboard interface 
decoder board 690105-1 7.00 1.23 
controller board §90105-2 6.25 0.92 
Tracking tester ELV project 
Floppy disk moniter 890078 4.25 074 
Function generator UPBS-1 1,95 0.34 
Sound level meter ass02¢+ 256 6T 
SEPTEMBER 1989 
Digital Model Train 87291-4 6.70 1.17 


Stereo viewer 890044 5.57 0.87 

Centronics monitor 890123 5.50 0.96 

Resonance meter 886071 3.90 0.68 

OCTOBER 1989 

Inductance meter 890119 725 (Wer 

Logic analyser with B90126 §.25 992 

Atari ST 

CD error detector 890131 6.00 1.05 

RGB-10-CVBS converter ELV project 

NOVEMBER 1989 

Digital Model Train (8) 87291-5 43.50 7.61 

Extension card for 890108 18,00 3.15 

Archimedes 

Extension card for 890108-9 29.25 5.12 

Archimedes, incl. PAL 

and diskette 

312-digit LED SMD BoO11T 3.75 0.66 

voltmeter 

DECEMBER 1989 

Digital Model Train a72gi-7 6.75 1.53 

EPROM simulator 890166 10.00 1,75 

Hard disk monitor 890186 11.00 1,93 

IC tester ELV project 

LF/HF signal tracer 690183 8.00 1.40 

Solid-state preamp = §890170-1" W175 2.06 
890170-3" 9.00 1,58 

Transistor curve tracer 890177 6.76 1.01 


a 


JANUARY 1990 


Video mixer (1) 87304-1 27.25 477 
Mini EPROM 

programmer B90164 7.00 1.23 
All solid-state 890170-2* 15.75 2.76 
preamplifier 

Simple AG milli- gooo04 6.50 1.14 
voltmeter 

1 GHz frequency meter 894110 921,75 3,81 


card for PCs 


"The four PCBs required for the preamplifier (2 
* B90170-1; 1 » 890170-2 and 1 « 890170-3) 
are available as a package, ref. B90170-9. ata 
discounted price of £41,00 + £7.18 VAT + PAP, 
a saving of £7.25. 


FEBRUARY 1990 


Initialisation aid for S00007 14.26 2.49 
printers 
Digital Model Train (11) 87291-8 4.60 0.79 
Dark-room clock Bgad27*+ 6.50 1.14 
Reflex MW AM receiver UPBS-1 1.95 0,34 
Video mixer (2) B7304-2 16.25 2.84 
Capacitance meter 900012 7.25 1.27 
MARCH 1990 
Audio/Video modulator ELY project 
Digital model train (12) 7291-9 9.50 0.61 
IC monitor 896140 7.50 1.31 
Power line monitor 900025. 4.75 0.89 
Replacement for e94078* 5.50 0.96 
TGA2B0A 
Video mixer (3) 87304-3 35,50 621 
APRIL 1990 
BBD sound effects unit 900010 7.75 1-36 
Digital model train (13)87291-10 4.00 0,70 
Q meter 900031 6.00 1,05 
RS-232 splitter 90001 7-1 7.25 1.27 
900017-2 4,50 0.79 
Video line selector 900032 6.50 1.14 
Wiring allocation fester ELY project 
MAY 1990 
Acoustic temperature UPBS+1 1.95 0.94 
monitor 
Budgel sweepifunction 900040 7.00 1.29 
generator 
Centronics ADG/DAC 9000370 15.25 2.67 
PG servicing card ELV project 
Transistor characteristic 900058 4.765 0.89 
plotting 
JUNE 1990 
Electronic load simulator 900042 12.00 2.10 
MIDI master keyboard Doepter Elektronik 
Mini EPROM viewer 300030 18,00 3.15 
Power zener diode UPBS-1 1.95 0.34 
Remotely controllad ELY project 
stroboscope 
JULY/AUGUST 1990 
Battery tester ELV project 
Compact 104 power 900045 11,60 2.01 
supply 
Intermediate projects UPBS-1 1.95 0.34 
Mint FM transmitter* 4961168 4.25 O74 
Sound demodulator for 900057) 3.75 0.66 
satellite-TV receivers 
Audio power indicator sa4004 3.75 0.66 
Four-moniter driver 904067 525 0.92 
for PCs 
SMT prototyping board 904095 3.40 0.61 


* can not be supplied to readers in the UK 


SEPTEMBER 1990 
High-current hre tester =900078 5.50 0.96 
Infra-red remote 904085/86 6.75 118 


control 
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Sound generator 


OCTOBER 1990 

uP-controlled telephone 900081 
exchange 

§-VHS:C VBS-to-AGB 
converter 


900055 


NOVEMBER 1990 
i 400-watt laboratory PSU go0082 


Aciive mini subwoofer 900122-1 
Dubbing mixer EV7000 
Medium-power audio 900098 


amplifier 
Programmer for the 8751 900100 


PT100 thermometer 900106 
DECEMBER 1990 
Active mini subwoofer 900122-2 
Milliohmmeter 910004 
| Phase check for 9001 14-1/2 
audio systems. 
PC-controlled Video- 
} text decoder (1} 
H Signal suppressor for 
all-solid stata preamp 904024 
Audio input selector 904039 
Search time monitor 904052 


JANUARY 1997 


Logic analyser {1}: 900094-4 
- Busboa ra 
PC controlled Video: 
text decader (2) 
SWA meter 900013 
FEBRUARY 1991 
Logic analyser {2): 
- RAM board 900094-2 
+ Probe board g00094-3 
Multifunction measure- 900124-1 


mant card for PCs 
MIDI-ta-C¥V intertace 
ROS decoder: 


» demodulator board 880209 

- processor board 900060 
MARCH 1991 
The complete preamplifier: 

- input board 890169-1 

+ main board 890169-2 
Electronic exposure 900041 
timer 
PC-controlled weather 9001 24-3 
station (1) 
2mband converter 900006-1 
APRIL 1991 
Lagic analyser (4): 

» control board go00g4-5 
MIDI programme 900138 
changer 
B-bit lO for Atari 910005 
§-m band transverter 910010 
Wattmeter 

- meter board $10011-1 

+ display board 910011-2 
Moving-coil (MC) 910016 
preamplifier 
Dimmer for halogen lights 

- fransmitter 910032-1 

> receiver 910092-2 
PC-controllad semi- 
conductor tester 
MAY 1991 
80C32'8052 Computer 910042 
Battery tester 906056 
Laser (1) 

Moving-magnet (MM) 900111 
preamplifier 

Universal lO interface 910046 
for IBM PGs 

JUNE 1991 


Universal battery charger 900134 
Logic analyser - 4 


ELV project 


18,00 


12.25 


11.00 
6.00 


3.15 


2.14 


1.93 
1.05 


ELV project 


9.00 


7.00 
5,00 


5,25 
6.00 
8.00 


1.58 


1.23 
0.88 


0.92 
0.88 
1.40 


ELV project 


3.75 
6.25 
4.00 


9.00 


0.66 
1.09 
0.70 


1.58 


ELY project 


3.00 


16.75 
4.25 
24.00 


4.50 
6.50 


22.20 
33.50 
9.25 


3.76 


4.25 


15.75 
5.75 


10.50 
9.75 


5.50 
3,50 
3,00 


3.50 
3.75 


0.53 


2.76 
O74 
4.20 


Doepfer Elektronik 


0.79 
1.44 


0.96 
0.61 
1,58 


0.61 
0.66 


ELV project 


10.25 
3.50 


1.79 
0.61 


ELV project 


5.75 


$25 


6.00 


1.01 


1,62 


1.40 


- power supply board 900094-7 
- Atari interface 900094-6 
- IBM interface 900094-1 


Digital phase meter 910045-1/2/3 
(set of 3 PCBs) 


Light transceiver UPBS-1 
Variable AC PSU 3001 04 
Light switch w. TY IR re 910048 
RTC for Atari ST 910006 


Stepper motor board -1 910054-1 
» PC insertion card 


JULY/AUGUST 1991 
Multfunction 1/0 for PCs 910029 
B/W video digitizer 910053 


Stepper motor board - 2 910054-2 
= power driver board 


Laser: 3 

LED voltmeter 914005 
Wien bridge 914007 
Angled bus extension 914030 
card for PCs 

Sync separator 914077 


SEPTEMBER 1991 


Peak indicator for loud- 
speakers 
Timecode interface for slide control 


- main board 910055 
> display board 87291-9a 
Asymm-symm converter 910072 
OCTOBER 1991 
PC-controllad weather 900124-2 
station (2) 
Digital tunction generator 
- maim board 910077-1 
- display board 910077-2 
Audio spectrum shift 910105 
encoder/decoder 
NOVEMBER 1991 
Relay card for uni- 910038 
versal lO interlace 
Dissipation limiter 910071 
Digital function generator 
- sine converter 910077-3 
- AiT converter 910077-4 


Class-A power amplifier (1) 
880092-1 
§80092-2 


Timer for CH systems  UPBS-2 


DECEMBER 1991 
Class-A power amplifier (2) 


880092-3 
880092-4 
Economy power supply 910111 
LP programmable filters 910125 
Amiga Mouse/joystick 914078 
switch 
A musical Christmas 910157 
present 
Safe solid-state relay 914008 
Slave mains on/off 914072 


contral Mark-2 


Wideband antenna 
amplifier 


7.50 
10.75 
12:25 
22.25 


1.95 
5.25 
4.75 
5.25 
24.75 


20.75 
19.25 
24.25 


3.63 
3.97 
4.24 


ELY project 
475 0,83 
3.50 0.61 

10.25 1.79 


3.75 0,66 


ELV project 


20,75 3.63 
3.50 0.61 
4.75 0,83 


3.25 0.57 


18.50 3.24 
10.75 1,88 


B75 1,53 


11.00 1.93 
3.75 0,66 


12.76 2.23 
40.50 1.84 


8.45 1.48 
7.70 1.35 


3.25 0.57 


6.40 1.12 
645 1,13 


800 1,40 
575 1.01 
3.50 0.61 


2.75 0.48 


3.25 0.57 
5.50 0.96 


ELV project 


JANUARY 1992 

CD player 910146 
Fast, precise thermometer 910081 
Low-frequency counter 


- inpul board 910149-1 
~ display board 910149-2 
Mini 280 system 910060 
Prototyping board for 

IBM PCs 910049 
Universal ACS code 

infra-red receiver 910137 
PC-controlled weather 900124-5 


station (3) 
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PRODUCT OVERVIEW 


ROMS — EPROMS — PALS — MICROCONTROLLERS 


Article/Project 


uP controlled frequency meter 

4%-¥ plotter 

Programmable timer 

GHz prescaler 

Automate your model railway 

Marine computer 

Jumbo clock 

Graphics card 

Printer butfer 

EPROM programmer for MSX computers 
Bus interface for high-res LCD screens 
Intelligant time standard (1.T.S.} 


\'O extension card for IBM PCs 
and compatibles 


Multifunction measurement card for PCs 
Centronics intertace for slide fader 
uP-controlled radio synthesizer 

Portable MIDI keyboard 

Pitch control for CD players 

MIDI control unit 

The digital model train 

Darkroom clock 

Slave indication unit for |.T.S- 

EPROM emulator 

Micro-controller driven power supply 
Autonomous I/O controller 

Video mixer 

Four-sensor sunshine recorder 
yP-controlled telephone exchange 

ROS decoder 

MIDI programme changer 

Logic analyser (IBM interface) 
MIDI-to-C¥ interlace 

Multifunction lO card far PCs 

Amiga mouse’ joystick switch 

Stepper motar board 

Logic analyser 

8751 emulator (incl. system disk 5.25 in.) 
Connect 4 

EMONS1 (8051/8032 assembler course) 
8751 programmer 


DISKETTES 


Article/Project 


FAX interface for Atari ST (b/w only} 
FAX interlace for Archimedes 
* send us your formatted 3.5 inch diskette 
Digital model train 
Logic Analyser for Atari ST 
(for monochrome systems only) 
Computer-cantrollad Teletext decoder 
FAX intertace for IBM PCs 
RAM extension for BBC-B 
EPROM simulator 
RS-232 splitter 
Centronics ADC/DAC 
Transistor characteristic plotting (Atari ST) 
(lor monochrome systems only) 
ROM-copy for BASIC computer 
Multifunction measurement card for PCs 
8751 programmer 
PT100 thermometer 
Logic analyser: IBM software & GAL IC 
Lagic analyser; Atari software & GAL IC 
Plotter driver (D, Sijtsma} 
PC-controlled weather station (1) 
PC-controlled weather station (2) 
PC-controlled weather station (3) 
8-bit l’O interface for Atari ST 
Tektronix/Intel file converter 
B/W video digitizer for Archimedes 
Timecode interface for slide controller 
Real-time clock for Atari ST 
24-bit colour extension tor video digitizer 
8051/8032 assembler course (IBM version) 
A-D/D-A and I/O for I’C bus 
8051/8032 assembler course (Atari version) 


12/84 
4/as’ 
5/85 
7iB5 
book 
10/85 
12/85 
W686 
5/86 
4/87 
12/88 
2/BB 
7-8/8B 


2/91 
10/838 
9/BB 
11/88 
12/88 
1/89 
series 
2/90 
(88 
oB7 
3/88 
12/88 
3/90 
6/90 
10/90 
2/91 
4/91 
6/91 
2/91 
78/91 
12/91 
6/91 
(series) 
3/92 
12/91 
series 
11/90 


Issue 


89 
V89 


series 
10/89 


10/89 
6/90 
7-8/B9 
12/89 
4/90 
5/90 
5/90 


S190 
2/91 
41/90 
11/80 
7-8/91 
7-8/91 
g/91 
3/91 
10/91 
1/92 
4/91 
4/91 
7-B/91 
9/91 
6/91 
11/91 
series 
3/92 
series 


Description 


1 2732 
1™ 2732 
1» 2792 
1 2702 
1x 27t6 
1 2716 
1™ 2716 
2x 825123 
1x 2716 
1 27128 
1™« 2764 
1 2764 
1x 16L8 


1« 16L8 

1™« 16R4 

1x 27064 
1x 2764 

1™ 2764 

1x 27064 
1x 2764 

1 = 27128 

1 = 8748H 

1 = B748H 
1= 8751 

1x 8751 

1» 2764 

1™ 27128 

1™ 27128 

1™= 2764 

1x 2764 

1x PAL 16L& 
1x 2764 

1x PAL 16L8 
1* GAL 16V8 
1 PAL 16L8 


Price 
(£) 
9,00 
5.00 
5.00 
9,00 
7.390 
7.90 

14.60 
9.80 
7.390 

10,00 

10,00 

10,00 
8.75 


875 
8,75 
10.00 
10.00 
10.00 
10.00 
10,00 
9,25 
15.00 
15.00 
47.50 
47,50 
10,00 
10.00 
$3.00 
13.00 
19.00 
7.00 
13.00 
7.00 
7.00 
7,00 


67 


VAT 
(£) 
1,58 
1.58 
1.58 
1,58 
1,28 
1.28 
2.56 
172 
1.28 
4S 
1,75 
175 
1.53 


1,63 
1,63 
1.75 
1.75 
75 
1.75 
1.75 
1.62 
2,63 
2.63 
8,31 
8.34 
1,75 
1.75 
2.28 
2.28 
2.28 
1.23 
2.28 
1.23 
1.23 
1,23 


see under DISKETTES batow 


1 « 27664 
1x 2764 
1 27256 
1™ 8751 


Disk size 


3.5-1nch 
3.5-inch 


5.25-inch 
3.5-inch 


5.25-inch 
5,.25-inch (2 »} 
§.25-inch 
§.25-inch 
§.26-inch 
§.26-inch 
3.5-inch 


§.26-inch 
§.25-inch 
5.25-inch 
§.25-inch 
§.25-inch 
3.5-inch 
§.26-inch 
5.25-inch 
5.25-1nch 
5.25-1ch 
3.5-inch 
§.25-inch 
3.5-inch 
§,26-inch 
3.5-Inch 
3.5-Inch 
§.25-inch 
§.26-inch 
3.5-inch 


SELF-ADHESIVE FRONT PANEL FOILS 


Article/Project 


Analogue multimeter 
All-solid state preamplifier 


LF‘HF signal tracer 

Simple AC millivoltmeter 

Video mixer 

Q meter 

Budget sweep/function generator 
High-current hre tester 
400-watt laboratory PSU 
Milliohmmeter 

The complete preamp 

Wattmeter 

Universal NiCd battery charger 
Logic analyser 

Digital phase meter 

Vanable AC power supply 
Timecode interface for slide controller 
Digital function generator 
Economy power supply 
Measurement amplifier 

LC meter 


Issue 


5/89 
1/90 


12/89 
1/90 
3/90 
4/90 
5/90 
3/90 
11/90 
12/90 
3/91 
4/91 
6/97 
(series) 
91 
6/91 
9/91 
10/91 
12/1 
492 
3/92 


Order cod 


890035-F 
890170-F1 
890170-F2 
890183-F 
900004-F 
67304-F 
§00031-F 
900040-F 
900078-F 
900082-F 
910004-F 
890169-F 
910011-F 
900134-F 
900094-F 
910045-F 
900104-F 
910055-F 
S10077-F 
910111-F 
910144-F 
920012-F 


25.00 
13.00 
17,00 
47,50 


Price 
{£} 
7.90 

16.75 
9.25 
8.50 


4.38 
2.28 
2.98 
B31 


VAT 
(€) 
1.38 
2.93 
1.62 
1.49 


Not available 


16.50 
11.50 
10.00 
14,00 
17,50 
14,00 
7.50 
4.26 
5.50 
875 
10,00 
14.00 
7.50 
5.00 
9.00 
7.60 
9.75 


2.89 
2.01 
1.75 
2.85 
3.06 
2.45 
1.351 
1.44 
0,96 
1,59 
1,75 
2.45 
1.31 
1.58 
1,58 
1,31 
1.74 


READERS SERVICES 


All orders, except for subscriptions and past issues, 
must be sent BY POST to our Dorchester office using 
the appropriate form opposite. Please note that we 
can not deal with PERSONAL CALLERS, as no stock 
is carried at the editorial offices. 

All prices shown are net and customers in the UK 
should add VAT where shown. ALL customers must 
add postage and packing charges for orders up to 
£25.00 as follows: UK and Eire £1.75; surface mail 
outside UK £2.25; Europe (airmail) £2.75; outside 
Europe (airmail) £3.50. For orders over £25.00, but 
not exceeding £100.00, these p&p charges should be 
doubled. For orders over £100.00 in value, p&p 
charges will be advised. 


LETTERS 


Letters of a general nature, or expressing an opinion, 
or concerning a matter of common interest in the field 
of electronics, should be addressed to The Editor. 
Their publication in Efektor Electronics is at the dis- 
cretion of the Editor. 


PAST ISSUES 


A limited number of past issues (from July/August 
1987 onwards) is available from Worldwide Sub- 
scription Service Ltd * Unit 4 * Gibbs Reed Farm 
¢ Pashley Road « TICEHURST TN5 7HE « England. 
to whom orders should be sent. Prices including 
postage for single copies are £2.30 (UK and Eire); 
£2.50 (surface mail outside UK}; £2.70 (air mail Eu- 
rope); or £3.75 (airmail outside Europe). 


PAST ARTICLES 


Photocopies of articles from January 1978 onwards 
can be provided, postage paid, at £1.75 (UK and 
Eire), £1.90 (surface mail outside UK). £2.25 (airmail 
Europe), or £2.50 {airmail outside Europe), In case 
an article is split into instalments, these prices are 
applicable per instalment, Photocopies may be or- 
dered from our editorial offices 


TECHNICAL QUERIES 


Although we are always prepared to assist readers in 
solving difficulties they may experience with projects 
that have appeared in Elektor Electronics during the 
PAST THREE YEARS ONLY, we regret that these 
can not in any circumstances be dealt with by tele- 
phone or facsimile. 


COMPONENTS 


Components for projects appearing in Elektor Elec- 
tronics are usually available from appropriate adver- 
tisers in this magazine. If difficulties in the supply of 
components are envisaged, a source will normally be 
advised in the article. 


BOOKS 


The following books are currently available: 
these may be ordered from certain elec- 
tronics retailers or bookshops, or direct 
from our Dorchester office. 


301 Cireuits ....+++- web bs eesNSs eben’ £7.50 
BOS CHGS + cansmncnd annpReree BERS Oet £7.95 
SIS CCURD sicrasae vers MoO SOGb aS aM £8.95 
B04 GUGCURS: ip enrmsenetannadionan wa £9.95 
Microprocessor Data book £8.95 
Data Sheet Book 2.................-.--. £8.25 
Dale Book Ss) 2... cc wisi sa iG cieseceee kale £8.95 
Data Book 4 ........ yea £8.95 
Data Book 5: Application Notes ............ £8.95 
BINDERS 
Elektor Electronics Binder ....... £2.95 
FRONT PANELS 
PROJECT No. Price VAT 
(£) (£) 
400-W laboratory PSU 900082-F 17.50 3.06 
Milliohmmeter 910004-F 14.00 2.45 
The complete preamp 890169-F 7.50 1.31 
Wattmeter 910011-F 8.25 1.44 
Universal battery 900134-F 5.50 0.96 
charger 


Logic analyser 900094-F 8.75 1.53 
Digital phase meter 910045-F 10.00 1.75 
Variable AC PSU 900104-F 14.00 2.45 
Timecode interface 910055-F 7.50 1.31 
Digital function 910077-F 9.00 1.58 
generator 

4-Megabyte printer 

buffer 910110-F 9.75 1.71 
Economy PSU 910111-F 9.00 1.58 
CD Player 910146-F 10.25 1.79 
Measurement amplifier 910144-F 7.50 1.31 
LC meter 920012-F 9.75 1.71 
Guitar tuner 920033-F 7.50 1.31 
NICAM decoder 920035-F 7.00 1.23 


EPROMS / PALS / MICROCONTROLLERS 


PROJECT No. Price VAT 
(£) (£) 

Multifunction measurement 

card for PCs (1 = PAL16L8) 561 8.75 1.53 

Darkroom clock (1 x 27128) 583 925 1.62 

Video mixer (1 x 2764) 5861 10.00 1.75 

Four-sensor sunshine §921 10.00 1.75 

recorder (1 x 27128) 

uP-controlled telephone 5941 13.00 2.28 

exchange (1 x 27128) 

RDS decoder (1 x 2764) 5951 13.00 2.28 

MIDI programme changer 5961 13.00 2.28 

(1 x 2764) 

Logic analyser (IBM inter- 5971 7.00 1.23 

face){1 x PAL 16L8) 

MIDI-to-CV interface 5981 13.00 2.28 

Multifunction |/O for PCs 5991 7.00 1.23 

{1 x PAL 16L8} 

Amiga mouse/joystick 6001 7.00 1.23 

switch (1 x GAL 16V8) 

Stepper motor board - 1 6011 7.00 1.23 

(1 x 16L8) 

4-Megabyte printer buffer 6041 13.00 2.28 

(1 x 2764) 

8751 emulator 6051 25.00 4.38 

incl. system disk (MSDOS) 

FM tuner (1 x 27C256) 6061 17.00 2.98 

Connect 4 (1 x 27064) 6081 13.00 2.28 

EMONS1 (8051 assembler 

course) {1 x 27256) 6091 17.00 2.98 

Multi-purpose Z80 card: 

GAL set (2 x GAL 16V8) 6111 9.50 1.66 

Multi-purpose Z80 card: 

BIOS (1 x EPROM 27128) 6121 13.00 2.28 

8751 programmer (1 x 8751} 7061 35.25 6.17 

PROJECT No. Price VAT 
(£} (£) 

Multifunction measurement 1461 6.50 1.14 

card for PCs 

8751 programmer 1471 6.50 1.14 

PT100 thermometer 1481 6.50 1.14 

Logic analyser: IBM software 1491 16.50 2.89 

on disk, incl. GAL 

Logic analyser: Atari software 1501 16.50 2.89 

on disk (3.5"). incl. GAL 

Plotter driver (D. Sijtsma) 1541 9.50 1.66 

PC-controlled weather 7551 6.50 1.14 

station - 1 

PC-controlled weather 1561 6.50 1.14 

station - 2 

VO interface for Atari 1571 6.50 1.14 

Tek/Intel file converter 1581 6.50 1.14 

B/W video digitizer 1591 9.50 1.66 

Timecode interface 1611 6.50 1.14 

RTC for Atari ST 1621 6.50 1.14 

24-bit colour extension 1631 9.50 1.66 

for video digitizer 

PC controlled weather 1641 650 1.14 

station - 3 

8051/8032 Assembler course 

(IBM version) 1661 6.50 1.14 

A-D/D-A and I/O for °C bus 1671 6.50 1.14 

8051/8032 Assembler 

course {Atari version) (3.5") 1681 6.50 1.14 

AD232 converter 1691 6.50 1.14 

GAL programmer 1701 9.50 1.66 

(3 disks) 

Multi-purpose Z80 card 1711 6.50 1.14 


A list of all PCBs, software products and front panels available through the Readers Services is 
published in the March, June, September and December issues.of Efektor Electronics. 


PRINTED CIRCUIT BOARDS 


PROJECT No. 


DECEMBER 1991 
Class-A power amplifier (2) 


880092-3 
880092-4 
Economy power supply 910111 
uP programmable filters 910125 
Amiga mouse/joystick 914078 
switch 
A musical Christmas 910157 
present 
Safe solid-state relay 914008 
Slave mains on/off 914072 
control Mark-2 
Wideband antenna 
amplifier 
JANUARY 1992 
CD player 910146 


Fast, precise thermometer 910081 
Low-frequency counter 


- input board 910149-1 
- display board 910149-2 
Mini Z80 system 910060 
Prototyping board for 

IBM PCs 910049 
Universal RC5 code 

infra-red receiver 910137 
PC-controlled weather 900124-5 


station (3) 


FEBRUARY 1992 
Audio/video switching unit 910130 


°C interface for PCs 910131-1 
Measurement amplifier 910144 
Mini square wave 

generator 910151 
RAM extension for mini 

Z80 system 910073 
R/C high-pass for active 

antenna 

Switch-mode power 

supply 920001 
MARCH 1992 

8751 emulator 920019 
A-D/D-A and I/O for 

°C bus 910131-2 
AF drive indicator 920016 
Centronics line booster 910133 
FM tuner (tuner board) 920005 
LC meter 920012 
MIDI optical link 920014 
APRIL 1992 

80C32 SBC extension 910109 
2-metre FM receiver 910134 
Comb generator 920003 
FM tuner - 2 

AD232 converter 920010 
Automatic NiCd charger UPBS-1 
LCD for L-C meter 920018 
Milli-ohm meter adaptor 920020 


MAY 1992 
Audio/video processor - 1 


1.3 GHz prescaler 914059 
Compact mains supply 920021 
FM tuner - 3 (PSU) 920005-2 
GAL programmer 920030 
NICAM decoder 920035 
JUNE 1992 

4-Megabyte printer buffer 910110 
Audio-video processor - 2 

°C display 920004 
FM tuner - 4 

- mode control board 920005-3 
~ synthesizer board 920005-5 
Guitar tuner 920033 
MAX660 inverter/doubler 920032 
Multi-purpose 280 card 920002 


Price VAT 
(£) (£) 
6.40 1.12 
6.45 1.13 
8.00 1.40 
6.78 1.01 
3.50 0.61 
2.75 0.48 
3.25 0.57 
5.50 0.96 
ELV project 
7.00 1.23 
725 1:27 
4.25 0.74 
5.50 0.96 
9.00 1.58 

18.00 3.15 
4.00 0.70 
850 1.49 

10.00 1.75 

12.25 2.14 

11.50 2.01 
450 0.79 
2.00 0.35 


Not available 


3.75 0.66 
10.25 1.79 
5.25 0.92 
10.25 1.79 
5.00 0.88 
18.00 3.15 
7.50 1.31 
5.25 0.92 
11.50 2.01 
8.75 1.53 
7.25 1:27 
No PCB 
10.50 1.84 
1.95 0,34 
4.00 0,70 
3.75 0.66 
ELV project 
4.25 0,74 
6.25 1,08 
7.50 1,31 
950 1.66 
12.75 2.23 
16.00 2.80 
ELV project 
4.00 0.70 
4.75 0.83 
9.25 1.62 
8.50 1.49 


Not available 
17.25 
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RES a: 


Let’s talk waveforms... 


..AND THE BEST IN OSCILLOSCOPES. possible. The sophisticated 4OMHz 7045 includes a 


Our new range of precision laboratory oscilloscopes 40ns delay line to help show very short duration 
offer not only the best features, but also prices. From events in their entirety. A delayed sweep oscillo- 
the sophisticated 2OMHz 7025 to the delayed sweep scope of advanced design and high quality is found 
40MHz 7046, advanced design and high quality in the shape of the 4OMHz delayed sweep 7046, 
combine to bring you features such as; ImV/div having an increased magnification along with a 
sensitivity, advanced 6-inch CRT with percentage 40MHz bandwidth and capable of displaying 


markers and internal graticule, elim- complex signals with precision and 


inating parallax error and ensuring a f accuracy. 
highly accurate display. X-Y mode os , 3 Full details of our oscilloscopes 
A i and all other test equipment can be 
found in the 1992 Maplin catalogue, 
available from WHSMITH or Maplin 
shops nationwide £2.75 or by post 
£2.95. Mail Order to: P.O. Box 3, 


allows Lissajous patterns to be pro- 
duced and phase shifts measured. 

The 7025 has all the capabilities 
required of a general purpose oscillo- 


scope and will accept signals from 


DC to at least 20MHz with a high degree of accuracy. Rayleigh, — Essex, 
The 20MHz 7026 incorporates a delayed sweep time SS6 8LR. Credit Sessa as 
base, which can be used to magnify a portion of Card Hotline, 0702 i} 
the waveform, and makes accurate time interval 554161 or visit 
measurements and the study of short duration events your local store. 
Sf GL29G [BH] 20MHz scope 7025...£299.95. GL30H [H] 20MHz 
Lab scope 7026 ...£349.95. GL31) [H] 40MHz scope 7045...£449.95, 


GL33L [BH] 40MHz scope 7046...£499.95 (illustrated). 


MeseresseeeR 


All items subject to availability, Handling charge £1. [H] Indicates carriage charge of £5.30. All prices inclusive of VAT 


Visit our stores at: BIRMINGHAM; Sutton New Road, Erdington. BRIGHTON; 65 London Road. BRISTOL; 302 Gloucester Road. CARDIFF; 29 City Road. CHATHAM; 2 Luton Road. 
GLASGOW; 264-266 Great Western Road, LEEDS; Carpet World Building, 3 Regent Street. LEICESTER; Office World Building, Burton Street. LONDON; 146-148 Burnt Oak Broadway, 
Edgware, 120-122 King Street, Hammersmith. MANCHESTER; 8 Oxford Road. NEWCASTLE-UPON-TYNE; Unit 4, Allison Court, The Metro Centre, Gateshead. NOTTINGHAM; 86-88 Lower 
Parliament Street. READING; 129-131 Oxford Road. SHEFFIELD; 413 Langsett Road, Hillsborough. SOUTHAMPTON; 46-48 Bevois Valley Road. SOUTHEND-ON-SEA; 282-284 London 
Road, Westcliff. Plus new stores in COVENTRY and SOUTH LONDON opening soon. Ring 0702 552911 for further details. 


